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Hi all,

enjoyed the discussion, thanks!

here is my CV (I don't update workshops, talks so much lately), here are some papers you might be interested.

Moore MT, Kroger R, Farris J, Locke A, Bennett R, Denton DL.  2011.  From vegetated ditches to Rice fields:
 thinking outside the box for pesticide mitigation.  In: Pesticide mitigation strategies for surface water quality.  Eds.
 Goh K, Bret B, Potter T, Gan J.  ACS Symposium series 1075.

Snyder NJ, Williams WM, Denton DL, Bongard C. 2011.  Modeling the effectiveness of mitigation measures on the
 diazinon label.  In: Pesticide mitigation strategies for surface water quality.  Eds. Goh K, Bret B, Potter T, Gan J. 
 ACS Symposium series 1075.

Moore MT, Denton, DL, Cooper CM, Wrysinski Y, Miller JL, Reece K, Crane D, Robins P. 2008.  Mitigation
 assessment of vegetated drainage ditches for irrigation runoff in California.  Journal Environmental Quality.
 37:486-493.

Denton DL, Moore MT, Cooper CM, Wrysinski J, Williams WM, Miller JL, Reece K, Crane D, Robins R.  2008. 
 Mitigation of permethrin in irrigated runoff by vegetated agricultural drainage ditches in California. In: Synthetic
 pyrethroids:  fate and effects.  Eds:  Gan J, Spurlock F, Hendley P, Weston D.

Dasgupta S, Cheplick JM, Denton DL, Troyan JJ, Williams WM.  2008.  Predicted runoff loads of permethrin to the
 Sacramento River and its Tributaries. In: Synthetic pyrethroids:  fate and effects.  Eds:  Gan J, Spurlock F, Hendley
 P, Weston D.
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DEBRA LYNN DENTON


U.S. Environmental Protection Agency Region 9 


c/o SWRCB Division of Water Quality


1001 I Street Sacramento, CA 95814


denton.debra@epa.gov


(916) 341-5520


EDUCATION:


Ph.D. Hydrologic Sciences, University of California, Davis; 2001


M.S. Water Science, University of California, Davis; 1987


B.S. Environmental Resources and Toxicology, University of California, Davis; 1984


University of California Certificate in Hazardous Materials Management; 1991


WORK EXPERIENCE:


ENVIRONMENTAL SCIENTIST, US EPA Region 9, Water Monitoring and Assessment Section. November 1, 2000 to present.


· Serves as the chairperson for the Technical Advisory Panel for the multi-agency team, which provides technical direction for the Bay-Delta funded project for the development of a spatial and temporal loading analysis of pesticides in the Sacramento and San Joaquin River, Bay-Delta System.


· Serves as liaison and provides technical assistance and approval of Total Maximum Daily Loads (TMDL) for the development of California’s Central Valley Regional Water Quality Control Board, and provides technical assistance for California Pesticide TMDLs.  Presents oral and written testimony at State and Regional Water Board workshops and hearings regarding the TMDLs development.  This involves approving work plans and progress reports, and working to solve environmental problems in the watershed such as pesticide runoff and mercury contamination.

· Served seven years as the Project Manager for the Sacramento River Toxics Pollutant Control Program, a nine year and seven million dollar grant.  This involves approving work plans and progress reports, implementing peer review on final reports, and working to solve environmental problems in the watershed such as pesticide runoff and mercury contamination.


· Serves as technical advisor for the design and implementation of vegetated drainage ditches in cooperation with the Yolo County Resources Conservation District, and USDA.  Provides technical assistance to the Department of Water Resources on the role of contaminants in the pelagic organism decline study.  Provides technical assistance to Office of Water on the evaluation of alternative statistical for the toxicity testing program.


· Serves as the Regional Whole Effluent Toxicity (WET) expert. Assists with developing and interpreting toxicity guidance for permit writers, and TMDL data assessors, assists with data interpretation, and test methodology issues.  Served on the HQ national team to develop a national WET policy, lead in developing permit language for no dilution situations.  Served as technical advisor for the approval of active substances in ballast water discharges for the development of an international guideline.


· Served as the technical lead for developing the national WET rule finalized in CFR Part 136 on November 2002.  This included revising the acute and chronic testing manuals, developing response to comment document and the final rule.  

· Initiates, assists and reviews various research projects, such as the Benefits of Vegetated Drainage Ditches as a Best Management Practice, Office of Research and Development (ORD) sediment TIE development for listed water bodies, and US Navy’s WET stormwater assessment project.  


· Organizes and teaches courses on TMDLs, WET, and water quality standards for regulators and various stakeholders.


· Served as a technical member on various regional and national workgroups, such as the Society of Environmental Toxicology and Chemistry (SETAC) WET Expert Panel, WET Training Panel, Pesticide TMDL workgroup, and Water Environment Research Foundation (WERF) variability panel.


ENVIRONMENTAL SCIENTIST, US EPA Region 9, Water Division, Permits and Issuance Section. January 17, 1993 to November 1, 2000.


· Served as the Chairperson for a national workgroup to develop guidance to quantify and address test method toxicity variability, while on a detail assignment to the Office of Water, Washington, DC.  This entailed leading and coordinating the program needs among several agency offices, such as Office of Enforcement, Office of Water, and Office of Science and Technology for a court ordered deadline. (April 1999 to August 2000).


· Supervised a student assistant with all aspects of designing, implementing, and evaluating toxicity test data for 18 months.


· Served as the Regional Whole Effluent Toxicity expert to provide assistance for permitting applications, enforcement actions, data interpretation and test methodology issues.


· Worked on an eight-month detail to the Office of Water (April 1996 to December 1996) to provide national guidance for WET applications, such as coordinated a national implementation meeting for all stakeholders and developed and served as lead for a two-day WET course.


· Worked on a four-month special assignment for the EPA ORD Laboratory, Newport, Oregon to develop the testing methodology for the echinoderm sperm cell fertilization test.


· Developed a West Coast WET Policy for Regions 9 and 10 regulators and the regulated community, which included topics of permitting, statistical and data analysis, TRE/TIE, and enforcement.


· Prepared and co-authored an EPA ORD peer reviewed West Coast Marine Methods Manual, which includes seven chronic toxicity test methods that are used in Alaska, California, Hawaii, Oregon, and Washington.


ENVIRONMENTAL SPECIALIST III, State Water Resources Control Board, Ocean Waters Section. April 1990 to January 1993.


· Served as Project Manager for a multi-year project to develop and support west coast toxicity tests for marine waters.


· Designed and implemented a statewide toxicity database to evaluate toxicity test data for compliance and examine trends.


· Provided technical support to testing laboratories regarding quality assurance and statistical analysis.


ENVIRONMENTAL SPECIALIST II, State Water Resources Control Board, Basin Planning Section. April 1989 to April 1990.


· Prepared water quality guidelines and policies for the protection of aquatic resources in particular the Los Angeles Regional Water Board. I assisted in the process of basin planning for their basin plan by designating all previously undesignated inland surface waters in the region as existing or potential sources of municipal or domestic water supply in accordance with State Water Resources Control Board Resolution No. 88-63 (SB 88-63).

· Prepared and presented agenda items at State Board hearings and workshops.


· Developed and maintained spreadsheets to monitor and track budget change proposal (BCP) task costs and workflow schedules.


ENVIRONMENTAL HAZARDS SCIENTIST, Department of Food and Agriculture, Environmental Monitoring and Pest Management Branch. August 1987 to April 1989.


· Performed field based monitoring studies on pesticides such as endosulfan, TBT, diazinon and other pesticides, for the environmental compartments of air, sediment, groundwater and surface water throughout the state of California.  This included being familiar with all aspects of sampling design, QA/QC procedures, sampling logistics, and safety.


· Acted as project leader, duties included: designed monitoring equipment such as rainfall simulator, coordinated field projects which included coordinating with growers, applicators and county agriculture commissioners, performed statistical analysis and prepared reports.


· Acted as safety officer for the unit to ensure that all vehicles had the proper safety equipment, coordinated team members yearly blood exams and safety training.

PESTICIDE REGISTRATION SPECIALIST, Department of Food and Agriculture, Environmental Monitoring and Pest Management Branch. June1987 to August 1987.


· Performed the task of classifying environmental fate and toxicology data into the pesticide registration process.  Examined label to ensure to determine accuracy of claims, clarity of labeling, effectiveness of products, reviewed dosage, to determine if registered products met California Food and Agricultural Code and Administrative Code pertaining to pesticides.

· Designed a data package procedure for the Pest Management Division library and gave seminars on the new process. 


Graduate Student Assistant, Department of Food and Agriculture, Department of Pesticide Regulation Division Library. August 1985 to August 1987.


· Transferred information on registration volumes to spreadsheets, and computer input sheets, including chemical names, type of material tested, trade secret designation, and EPA registration numbers in appropriate formats.


· Searched the library’s computer database to update the registration data.


· Sorted and filed registration evaluation documents, data file worksheets, and published materials.


PUBLICATIONS:


Biales A, Denton D, Breuer R, Riordian D, Batts A, Crane D, Schoenfuss H. 2015.  Assessing Complex Watersheds Using Multidisciplinary Approaches: A Case Study in the San Francisco-Delta Estuary. Integrated environmental assessment and management.

Monitoring the Aquatic Toxicity of Mosquito Vector Control Spray Pesticides to Freshwater Receiving Waters.  2014.  Integrated environmental assessment and management. 11(4) 449-455.

Diamond JM, Denton DL, Roberts Jr. JW, Zheng L. 2013. Evaluation of the Test of Significant Toxicity for Determining the Toxicity of Effluents and Ambient Water Samples. Environ Toxicol Chem. 32(5)1101-1108.


Zheng L, Diamond JM, Denton DL. 2013. Evaluation of whole effluent toxicity data characteristics and use of Welch’s t-Test in the Test of Significant Toxicity Analysis. Environ Toxicol Chem. 32(2)468-474.


Fox JF, Denton DL, Diamond JM.  2013. Whole effluent toxicity.  In Encyclopedia of Environmetrics. Eds:  El-Shaarawi AH, Piegorsch WW. 2nd edition.

Hoogeweg CG, Denton DL, Breuer R, Williams WM, TenBrook P.  2012.  Development of a spatial-temporal cooccurrence index to evaluate relative pesticide risks to threatened and endangered species. JCox@waterboards.ca.gov JCox@waterboards.ca.gov In: Pesticide registration and the endangered species act.  Eds: Racke KD, McGaughey BD, Cowles JL, Hall TA, Jackson SH, Jenkins JJ, Johnston JJ.  ACS Symposium series 1111. 

Diamond J., Denton D., Anderson B. & Phillips B. 2011. It is time for changes in the analysis of whole effluent toxicity data. Integrated environmental assessment and management. 8:351-358.

Denton DL, Diamond J, Zheng L.  2011. Test of Significant Toxicity:  A statistical application of assessing whether an effluent or site water is truly toxic.  Environ Toxicol Chem 30(5):1117-1126.

Moore MT, Denton DL, Cooper CM, Wrysinski J, Miller JL, Werner I, Horner G, Crane D, Holcomb D, Huddleston M.  2011. Use of vegetated of agricultural drainage ditches to decrease pesticide transport from tomato and alfalfa fields in California, USA. Environ Toxicol Chem 30(5):1044-1049.


Moore MT, Denton DL, Cooper CM, Wrysinski J, Miller JL, Werner I, Horner G, Crane D, Holcomb D, Huddleston M.  2011.  Use of vegetated agricultural drainage ditches to decrease pesticide transport from tomato and alfalfa fields in California Part 1:  Field trials.

David N, Thomas F, Denton D. 2011.  Comparison of pesticide runoff from organic and conventional walnut orchards.  In: Pesticide mitigation strategies for surface water quality.  Eds. Goh K, Bret B, Potter T, Gan J.  ACS Symposium series 1075.

Moore MT, Kroger R, Farris J, Locke A, Bennett R, Denton DL.  2011.  From vegetated ditches to Rice fields: thinking outside the box for pesticide mitigation.  In: Pesticide mitigation strategies for surface water quality.  Eds. Goh K, Bret B, Potter T, Gan J.  ACS Symposium series 1075.

Snyder NJ, Williams WM, Denton DL, Bongard C. 2011.  Modeling the effectiveness of mitigation measures on the diazinon label.  In: Pesticide mitigation strategies for surface water quality.  Eds. Goh K, Bret B, Potter T, Gan J.  ACS Symposium series 1075.

Moore MT, Denton, DL, Cooper CM, Wrysinski Y, Miller JL, Reece K, Crane D, Robins P. 2008.  Mitigation assessment of vegetated drainage ditches for irrigation runoff in California.  Journal Environmental Quality. 37:486-493.

Denton DL, Moore MT, Cooper CM, Wrysinski J, Williams WM, Miller JL, Reece K, Crane D, Robins R.  2008.  Mitigation of permethrin in irrigated runoff by vegetated agricultural drainage ditches in California. In: Synthetic pyrethroids:  fate and effects.  Eds:  Gan J, Spurlock F, Hendley P, Weston D. 


Dasgupta S, Cheplick JM, Denton DL, Troyan JJ, Williams WM.  2008.  Predicted runoff loads of permethrin to the Sacramento River and its Tributaries. In: Synthetic pyrethroids:  fate and effects.  Eds:  Gan J, Spurlock F, Hendley P, Weston D. 


Denton DL, Miller JM, Stuber RA.  2007.  EPA Regions 9 and 10 toxicity training tool.  November 2007. San Francisco, CA. 


Lydy MJ, Belden JB, Wheelock CE, Hammock BD, Denton, DL.  2004. Challenges in regulating pesticide mixtures.  Ecology and Society. 9(6):1.


Denton DL, Fox JF, Fulk FA.  2003.  Enhancing toxicity test performance by using a statistical criterion.  Environ Toxicol Chem   22(10)2323-2328. 


Denton DL, Wheelock CE, Murray S, Deanovic LA, Hammock BD, Hinton DE.  2003.  Joint acute toxicity of esfenvalerate and diazinon to larval fathead minnows (Pimephales promelas). Environ Toxicol Chem 22(2):336-341.


Fox JF, Denton DL.  2002.  Whole effluent toxicity.  In Encyclopedia of Environmetrics. Eds:  El-Shaarawi AH, Piegorsch WW.  Volume 4, pp 2377-2381.


Denton DL, Ho K, Ireland S.  Sediment toxicity testing issues and methods. 2002.  In:  Handbook of Ecotoxicology.  2nd edition.  Ed:  Hoffman DJ, Rattner BA, Burton AG, Cairns J.  CRC Press.


Denton DL.  2001.  Integrated toxicological and hydrological assessments of diazinon and esfenvalerate.  PhD Dissertation. University of California, Davis, CA, USA.


Hughes MR, Bailer AJ, Denton DL.  2001.  Material and response specific comparisons of statistical methods for estimating effective concentrations.  Environ Toxicol Chem 20(6):1374-1380.


De Vlaming V, Denton DL, Crane M.  2001.  Multiple lines of evidence are useful, but individual lines of evidence should not be minimized – a reply to Hall and Giddings (2000).  Human Ecolog Risk Assess.  


JW Newman, DL Denton, C Morisseau, CS Koger, CE Wheelock, DE Hinton, and BD Hammock.  2001.  Evaluation of fish models of soluble epoxide hydrolase inhibition.  Environ Health Perspectives 109:61-66.


U.S. Environmental Protection Agency.  2000.  Understanding and accounting for method variability in whole effluent toxicity applications under the National Pollutant Discharge Elimination System Program.  Eds:  Denton DL, Fox J, Fulk FA, Greenwald K, Narvaez M, Norberg-King TJ, Phillips L.  EPA/833/R-00-003.  Office of Water.  Washington, DC.  


Warren-Hicks WJ, Parkhurst BR, Moore DRJ, Teed RS, Barid B, Berger R, Denton DL, Pletl JJ.  2000.  Assessment of whole effluent toxicity test variability: Partitioning sources of variability.  Environ Toxicol Chem  19(1):94-104.


Moore DRJ, Warren-Hicks WJ, Parkhurst BR, Teed RS, Baird R, Berger R, Denton DL, Pletl JJ.  2000.  Intra- and intertreatment variability in reference toxicant tests: Implications for whole effluent toxicity testing programs.  Environ Toxicol Chem  19(1):105-111.


Wang Q, DL Denton, Shukla R.  2000.  Applications and statistical properties of minimum significant difference-based criterion testing in a toxicity testing program.  Environ Toxicol Chem   19(1):113-117.


Shukla R, Wang Q, Fulk F, Deng C, Denton DL.  2000.  Bioequivalence approach for whole effluent toxicity testing.  Environ Toxicol Chem  19(1):169-174.


Bailer JA, Hughes M, DL Denton, Oris JT.  2000.  An empirical comparison of effective concentration estimators for evaluating aquatic toxicity test response.  Environ Toxicol Chem  19(1):141-150.


Goodfellow WL, Dorn PB, Ausley LW, Burton DT, Denton DL, Grothe DR, Heber MA, Norberg-King TJ, Rodgers JH.  2000.  The role of inorganic ion imbalance in aquatic toxicity testing.  Environ Toxicol Chem 19(1):175-182.


Denton DL and Norberg-King TJ.  1996.  Whole Effluent Toxicity Statistics: A Regulatory Perspective.  In: Whole Effluent Toxicity Testing: An Evaluation of Methods and Prediction of Receiving System Impacts. Eds. Grothe DR, Dickson KL, Reed-Judkins DK. Special SETAC Publication.


Chapman GA, Anderson BS, Bailer AJ, Baird RB, Berger R, Burton DT, Denton DL, Goodfellow WL, Heber MA, McDonald LL, Norberg-King TJ, Ruffier PJ.  1996.  Methods and appropriate endpoints.  In: Whole Effluent Toxicity Testing: An Evaluation of Methods and Prediction of Receiving System Impacts. Eds. Grothe DR, Dickson KL, Reed-Judkins DK. Special SETAC Publication.


U.S. Environmental Protection Agency. 1996.  Marine Toxicity Identification Evaluation (TIE): Phase I Guidance Document.  Eds,  Burgess R, Ho K, Morrison G,.Chapman GA and Denton DL.  EPA/600/R-95/054.  Environmental Effects Research Laboratory, Narragansett, RI.


Denton DL, Narvaez M.  1996.  Regions 9 and 10 Guidance for Implementing Whole Effluent Toxicity Testing Programs.  EPA/910/R-96-018.  San Francisco, CA.  


U.S. Environmental Protection Agency. 1995. Short‑Term Methods for Estimating the Chronic Toxicity of Effluents and Receiving Waters to West Coast Marine Organisms. Eds:  Chapman GA, Denton DL, Lazorchak JM. EPA/600/R‑95‑136. Environmental Monitoring Systems Laboratory, Cincinnati, OH.


Anderson BS, Hunt J, Turpen S, Coulon A, Martin M, Denton DL, Palmer F. 1990. Procedures Manual For Conducting Toxicity Tests Developed By The Marine Bioassay Project.  Sacramento, CA.


Anderson BS, Hunt J, Turpen S, Coulon A, Martin M, Denton DL, and Palmer F. 1990. Marine Bioassay Project Fifth Report ‑ Protocol Development and Interlaboratory Testing with Complex Effluents.  Sacramento, CA.


Hunt J, Anderson BS, Turpen S, Barber H, Martin M, Denton DL, Palmer F. 1991. Marine Bioassay Project Sixth Report Interlaboratory Comparison and Protocol Development with Four Marine Species.  Sacramento, CA.


Gonzalez D,Bisbiglia M, Denton DL, Harrington J. 1989. Monitoring For Tributlytin Contamination In California Lakes. Department of Food and Agriculture.  Sacramento, CA.


WORKSHOPS AND SHORT COURSES:


Denton D.  2010.  Presented the Tests of Significant Toxicity approach at the SWRCB November 16, 2010 workshop for Toxicity Policy.  


Denton D, Diamond J.  Standards to Permitting Toxicity Testing for Tribes. Gallup, NM.  March 2010.


Zhang M, Denton DL, Grismer ME.  2007.  HYD/ECL 290 University of California, Davis, graduate seminar on Basic principles, design and applications of BMP for mitigating water quality in California.


Denton DL, Wagner AL, Stuber R.  2007.  Toxicity training for EPA Region 10 and States.  Seattle, WA.  September 19-20.

Denton DL, Hunt J, Larsen K, Phillips B.  2001, 2002, 2003, 2004, 2005.  Instructor the Toxicity Testing for Regulators.  Sacramento, CA and Riverside, CA.


Clark SL, Pincetich CA, Denton DL.  2001, 2002, 2003, 2004, 2005.  Instructor for the Basic Aquatic Toxicity Testing Methods for the Educator and Layperson.  Baltimore, MD, Salt Lake City, UT, Austin, TX, Portland, OR, Baltimore, MD for the 22nd , 23rd , 24th, 25th and 26th SETAC meetings.


Denton DL.  2004. Guest lecturer for UCD Department of Hydrology’s Environmental Resources and Science (ERS 60) Course.  Lectures included Water Quality Standards, Toxicity Testing Procedures, and TMDL Applications.


Denton DL, Downey P, Gerritsen J, Moore M, Rodgers J, Sandquist R, Whitehead J.  2002 and 2003.  Total Maximum Daily Loads:  Understanding the Challenges.  Salt Lake City, UT, and Austin, TX for the 23rd and 24th SETAC meetings.


Denton DL.  2003.  TMDL’s Integrator of Water Quality.  Instructor for the USEPA Water Quality Academy.


Denton DL et al. 2000 and 2001.  Instructor for the SETAC 2 day Hands-on Chronic Freshwater Toxicity Testing Course.  Course locations:  University of California, Davis and Clemson University.


Denton DL et al.  2000 and 2002.  Instructor for the Wild WET Statistical Course at the Southern California SETAC chapter and NorCal SETAC chapter.


Denton DL et. al. 1998-2002. Instructor for the SETAC WET Course.  Course locations: WEFTEC in Orlando, FL; WEFTEC in New Orleans, LA,; Salt Lake City, UT; Princeton, NJ; Boston, MA; Denver, CO;  Indianapolis, IN; 19th , 20th , 21th  and 22nd annual SETAC conferences.


Denton DL et. al. 1996. Instructor for the EPA WET Course.  Course locations: San Francisco, CA; Chicago, IL; Washington, DC; Bellingham, WA; Seattle, WA; Boston, MA; Altanta, GA, University of Nevada, Reno.


Denton DL, Wagner A. 1994. Instructor for EPA Region 9 Hands‑on WET Testing Workshop.


Denton DL et. al. 1994. Establishing Quality Assurance Criteria for Ceriodaphnia dubia. Short Course Instructor for SETAC l5th annual meeting, Denver, CO.


Denton DL and Wagner A. 1994. Instructor for EPA Region 10 Hands‑on Whole Effluent Toxicity Testing Workshop.


Denton DL. et. al. 1993. Instructor for Workshop on Whole Effluent Toxicity for EPA Region 8.


PRESENTATIONS:


Denton. 2010.  Invited speaker to Japan Ministry of the Environment.  Regulatory applications of toxicity testing in EPA Region 9.  Tokyo, Japan, February 2010.

Denton DL.  2010.  Aquatic Pesticide Permitting in California.  National Pesticide Regulatory Education Program course.  University of California, Davis.  September 2010.


Williams M, Hoogeweg G, Denton D, Zhang M, Hecht S, Dasgupta S, Cheplick M.  2008.  Spatial and temporal quantification of pesticide loadings to the Sacramento River, San Joaquin River, Bay-Delta  to guide risk assessment for sensitive species.  Presented at SETAC 29th annual conference.  Tampa, Fl.

Denton. 2008.  Invited speaker for the UCD Environmental Toxicology 120 course.  EPA Water Program. 


Snyder N, Williams, M, Denton D, Troyan.  2007.  Modeling the effectiveness of mitigation measures on diazinon labels.  American Chemical Society #239 Meeting.  San Francisco, CA. 

Denton DL.  2007, 2008.  Water and pesticide program integration. National Pesticide Regulatory Education Program course.  University of California, Davis.


Denton DL.  2006, 2007. Talks on TMDLs, ambient toxicity testing, and pesticide monitoring programs.  National Pesticide Regulatory Education Program course.  University of California, Davis.


Denton DL, 2004, 2005, 2006, 2007, 2008.  Watersheds and TMDL.  US Army Corps’ watershed annual training. Davis, CA.


Denton DL, Wrysinski J.  2006.  Benefits of agricultural drainage ditches (VADD) as a best management practice Yolo County, California. Presented at the American Chemical Society.  San Francisco, CA.


Denton DL, Wrysinski J.  2006.  Benefits of agricultural drainage ditches (VADD) as a best management practice Yolo County, California. Presented at the Future of Agriculture: Science, Stewardship and Sustainablility.  Sacramento, CA.


Denton DL, Wrysinski J.  2005.  Benefits of agricultural drainage ditches (VADD) as a best management practice Yolo County, California. Presented at the California third annual NPS pollution conference.  Sacramento, CA.


Denton DL.  2005.  Toxicity testing approaches used in research and regulatory settings.  Presented at the University of California Cooperative Extension Workshop.


Denton DL.  2004.  San Joaquin River TMDLs and pesticide toxicity. Presented at SETAC 25th annual meeting, Portland, OR.


Grober L, Beaulaurier, D, Denton DL.  2004.  Additive toxicity of diazinon and chlorpyrifos in a San Joaquin River TMDL. Presented at SETAC 25th annual meeting, Portland, OR.


Denton DL, Frick WE, Barber MC.  2004.  Tuning of insect, and bird wings, and copepod and daphnia appendages. Presented at American Society of Limnology and Oceanography Society annual meeting, Honolulu, HI.


Denton DL.  2004.  Integration of research and regulatory needs for CALFED.  CALFED Contaminants Workshop.  Sacramento, CA.


Frick WE, Denton DL.  2003.  Modulating storm drain flows to reduce stream pollutant concentrations.  Benson, AZ.


Frick WE, Denton DL, Khangaonkar T, Molina M, Roberts P, Santodomingo J.  2002.  Modeling transport and decay of pathogens and toxicants in surface water. Presented at SETAC 23rd annual meeting, Salt Lake City, UT.


Denton DL, Smith DW.  2002.  The face of agriculture through the TMDL Program.  Presented at SETAC 23rd annual meeting, Salt Lake City, UT.


Denton DL.  2002.  TMDL Program Basics.  Invited speaker for the USFWS Clean Water Act Workshop.  Sacramento, CA.


Denton DL.  2002.  Panel on TMDL and Agriculture.  Invited speaker for the California Plant Health Association. Sacramento, CA.


Denton DL.  2002.    Agriculture  Interfaces with the TMDL Program.  Key-note speaker at the Mid-South SETAC annual meeting.  Vicksburg, MS.


Snyder NJ, Denton DL, Troyan J, Williams WM.  2002.  Exposure Assessment Model for Diazinon Sources in the Sacramento and Feather Rivers.  12th annual NorCal SETAC Conference.  Davis, CA.


Denton DL. 2001.  Water Quality Toxics:  Short and Long Term Needs.  Invited speaker at the USEPA Regional and ORD scientist meeting on Water Quality Standards.  Seattle, WA.


Denton DL, Frick WE, Lincoff A, Kozelka P, Grismer ME.  2001.  The TMDL Regulatory Tool:  A Diazinon Case Study.  Presented at SETAC 22st annual meeting, Baltimore, MD.


Denton DL.  2001.  Integration of Research and Regulatory Needs for the USEPA Water Quality Program. University of Cincinnati, Department of Biostatistics.  Invited speaker for graduate seminar series.  Cincinnati, OH.


Denton DL.  2001.  Water Quality Protection for Aquatic Life.  Duke University, Environmental Center.  Invited  speaker for graduate seminar series.  Durham, NC.  


Denton DL.  2001.  Targets for TMDLs.  TMDL plenary session for the SoCal SETAC chapter annual meeting.


Ausley LW, Denton DL.  2000.  Liberal and Conservative Qualities of Whole Effluent Toxicity Permit Limitations. Presented at SETAC 21st annual meeting, Nashvillve, TN.


Ausley LW, Burton DT, Denton DL, Dorn PB, Goodfellow WL, Gully JR, Norberg-King TJ, Rodgers JH, Waller WT.  2000.  Watershed Management: Historical Perspective to the Future.  Presented at SETAC 21st  annual meeting, Nashvillve, TN.


Denton DL, Murray SK, Deanovic LA, Teh S, Hinton, DE.  1999.  The Joint Acute Toxicity of Esfenvalerate and Diazinon to Fathead Minnow Larvae.  Presented at SETAC 20th annual meeting, Philadelphia, PA.


Denton DL.  1999.   The Current Trends in Whole Effluent Toxicity Testing.  Key-note speaker at the North Altantic SETAC Chapter Meeting.  Boston, MA.


Denton DL, Chapman GA. 1995. Sensitivity and Precision of Whole Effluent Toxicity (WET) Test. Presented at SETAC 16th annual meeting, Vancouver, Canada.


Denton DL, Norberg‑King TJ. 1995. Whole Effluent Toxicity Testing Statistics A Regulatory Perspective. Presented at SETAC Pellston WET Workshop.  Pellston, MI.


Denton DL, Starrett G, Johnson S. 1994. Comparisons of Point Estimate Techniques for West Coast Marine Test Species. Presented at SETAC 15th annual meeting, Denver, CO.


Gast L, Denton DL, Fulk FA. 1994. A Profile of the National Reference Toxicant Database: Contents and Applications. Presented at SETAC 15th annual meeting, Denver, CO.


Denton DL. 1993. Toxicity Standards and Implementation of Narrative and Numeric Standards. Presented at a Workshop on Water Quality Standards/Criteria and Related Programs.  Washington DC.


Denton DL, Wagner A, Fulk FA. 1993. USEPA Region 9 Pilot Study Using TOXIS for the DMR‑QA Study Number 13. Presented at SETAC 14th annual meeting, Houston, TX.
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EXPOSURE ASSESSMENT MODEL FOR DIAZINON SOURCES IN THE 
SACRAMENTO RIVER BASIN’S MAIN DRAINAGE CANAL 


 
EXECUTIVE SUMMARY 


An exposure assessment model was developed to evaluate sources of diazinon in the Main 
Drainage Canal, a 38,000-acre watershed located within the Sacramento River Basin in Butte 
County, California.  The Pesticide Root Zone Model (PRZM) and the water quality model 
for riverine environments (RIVWQ) were used to evaluate diazinon application and behavior 
in the terrestrial and aquatic environments, respectively.  The modeling system was 
constructed and calibrated to reproduce historical stream flows and diazinon concentrations 
measured in the watershed and then used in conjunction with monitoring data and GIS 
analysis to identify source loadings of agricultural uses of diazinon in a spatial and temporal 
recurrence probability perspective.  The models were then used to evaluate the effectiveness 
of implementing management practices to minimize the transport of diazinon to non-target 
aquatic areas.   
 
The model was configured to simulate historical uses of diazinon for a 10-year period (1992-
2001), which corresponds to an overlap period of known weather, streamflow, and diazinon 
use in the watershed.  The watershed was delineated into 70 sub-watersheds based on surface 
drainage entry location along the Main Drainage Canal and its lateral tributaries.  Soil 
mapping and associated properties were obtained from the National Resources Conservation 
Service (NRCS) office in Chico, California.  Land use was obtained from the California 
Department of Water Resources 1994 Land use survey.  Bi-annual Farmland Mapping and 
Monitoring Program (FMMP) data were reviewed to ensure that land use changes since 1994 
would not significantly compromise results.  Precipitation and temperature data were 
obtained for the National Weather Service station at Oroville, CA.  Diazinon application 
location, date, and volume were obtained from the California Department of Pesticide 
Regulation’s Pesticide Use Reports (PUR) database.  The channel network was defined using 
the National Hydrography Dataset (NHD) with channel cross-sectional characteristics based 
on limited observations from a field reconnaissance trip to the watershed in 2002, interviews 
with the U.S. Geological Survey, CERUS Consulting, and inferred from published studies 
conducted in the watershed.  Physicochemical properties for diazinon were consistent with 
input parameter values used by the U.S. Environmental Protection Agency’s Office of 
Pesticide Programs in a previous modeling study.  A total of 147 PRZM simulations were 
required to represent unique combinations of soils, land use, and diazinon applications.   
 
Model performance was evaluated by comparing predictions to measured streamflow and 
diazinon concentrations for 1994, 2000, and 2001.  Sensitivity analyses were performed on 
input parameter values of greatest uncertainty.  Input parameter values were adjusted within 
realistic ranges to better reproduce event timing, magnitude, and duration.  Subsurface flow 
volume was the primary calibration parameter.  Cross-sectional geometry was refined during 
the calibration process upon receipt of additional data.  Storage elements were added to 
compensate for various attenuation factors that were not specifically represented in the 
original model configuration, such as interior wetlands, ponds, ditches, and smaller 
canals/streams.  Runoff curve numbers were adjusted for the lower section of the basin, 
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which is predominately rice land use.  Drift loads were also adjusted in some areas of the 
basin in order to improve model predictions. 
 
In general, model predictions compare favorably to observed streamflow and diazinon 
measurements with respect to event timing and duration.  It is more difficult to assess the 
success in predicting diazinon concentration magnitude because of limitations in available 
monitoring data with respect to sample frequency and, in some cases, suspect concentration 
magnitude depending on the analytical method used.  Concentrations are not consistently 
under or over predicted, thereby providing contextual evidence on the accuracy of model 
predictions. 
 
The predominant source of diazinon loading is predicted to occur from runoff sources.  Drift 
and subsurface transport pathways appear to be relatively insignificant in comparison.  
Subbasins generating the highest loadings of diazinon to the aquatic environment are 
characterized as having both large percentages of soils of Hydrologic Soil Groups C and D 
(i.e., relatively high silt and clay content) and significant acreage of stone fruit treated with 
diazinon.  The lower basin, primarily planted in rice, has negligible use of diazinon.   
 
Generally, periods of highest concentration were predicted to occur from December through 
March.  In some years, however, elevated concentrations were predicted to extend into May.  
Diazinon applications to dormant orchards in the watershed also generally occur from 
December to March with the highest use occurring in January and February.  An additional, 
but lesser, use of diazinon occurs in the watershed in the late spring and summer months 
(May to September).  The period of diazinon use to dormant orchards coincides with the wet 
season (December to March) with the months of highest use corresponding with the wettest 
months of the year (January and February).  As a result, the majority of diazinon use is 
occurring during periods when runoff events are most likely to occur.   
 
A 12 x 25 scenario matrix was developed consisting of variations in application frequency 
and rainfall forecasting restrictions (12) with variations in percent of crop treated, application 
setback requirements (drift reduction buffers), vegetative filter strip widths, and maintenance 
of inter-row vegetative filter strips (25).  Scenarios were evaluated by comparing total 
watershed loadings of diazinon predicted by the model from runoff, drift, and subsurface 
sources and by comparing predicted concentrations at the outlet of the Main Drainage Canal 
to baseline conditions.  For the purpose of scenario comparison, baseline conditions were 
defined as current use levels of diazinon without management practices in place.  Model 
simulations were conducted using 10 years of historical weather data (1992-2001) in order to 
evaluate the variability in diazinon transport to receiving water streams in a probabilistic 
fashion  (i.e., under a range of low, moderate, and high runoff conditions).   
 
The greatest reductions in diazinon loadings to the Main Drainage Canal were predicted to 
occur from the use of vegetative filter strips and inter-row vegetative filters, and from 
limiting the use of diazinon with respect to the number applications per crop year and/or the 
percentage of crop treated.  Lesser benefits were predicted to occur with management 
practices associated with drift buffers and rainfall forecasting, although these practices will 
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provide significant benefit to shallow headwater ditches and streams and to lower 
concentration exposure events in the Main Drainage Canal. 
 
Management practices that have been recently added to diazinon labels (limiting applications 
to ground applications during the dormant season, requiring a 10' vegetative filter strip to 
reduce runoff and a 100' application setback to reduce drift, limiting applications if soils are 
saturated or if rainfall is forecast within a 48-hour period, encouraging optimum timing for 
application based on larvae count/development, and restricting applications based on wind 
speed and wind direction to minimize spray drift) are likely to provide considerable 
reductions in diazinon loadings and concentrations in the Main Drainage Canal.  In 
combination, these label practices were predicted to provide a 53 percent reduction in 
diazinon loadings to water and a 52 percent reduction in concentration for high exposure 
events.  Similar reductions are likely to occur in other areas of the Sacramento River basin 
that have similar use density and climate. 
 
Models are mathematical representations of complex physical, chemical, and biological 
processes.  Some level of uncertainty is inherent in any modeling study because of 
simplifications required in the representation of the prototype system, limitations in data used 
to configure the model, and in the predictive capabilities of the models themselves.  Areas of 
greatest uncertainty from a model setup standpoint relate to diazinon degradation under local 
conditions; channel cross-sectional geometry, field-level knowledge of the variability of 
agricultural practices and the proximity of agriculture to water, and characterization of the 
complex drainage and water management of the system including boundary condition 
inflows from external surface water sources.  
 
It is difficult to verify the appropriateness of certain input assumptions because of limitations 
in the monitoring data available for validation.  Therefore, it is recommended that these 
results be used primarily for the relative comparison of scenarios rather than as an absolute 
predictor of diazinon concentration magnitude and duration.  However, event magnitude, 
duration, and frequency analysis is possible with the time series data generated by the model.   
 
Future research that would improve an understanding of diazinon, and other agricultural 
chemicals, in the Main Drainage Canal watershed includes:  
 
• Spatial characterization of the composition of agricultural fields and their proximity to 


nearby ditches, streams, and other potential receiving water bodies using aerial 
photographs or other imagery.  This information could be used to refine estimates of drift 
loads and the extent of existing inter-row vegetative filters and vegetative filters strips.   


 
• Applying more sophisticated approaches to simulating the effects of buffer strips, 


vegetative filter strips, and inter-row vegetative filters that address storm-event intensity 
and the potential for residue accumulation and flushing. 


 
• Additional site characterization to refine estimates of channel geometry, local drainage 


patterns, and water management practices.   
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• An evaluation of other management practices under consideration in the Sacramento 
River basin including vegetative filter ditches and runoff water holding prior to releasing 
it to downstream systems.  


 
• Prospective field-level monitoring study or studies to characterize diazinon degradation 


under localized conditions.  Such studies would monitor relevant parameters including 
application efficiency and drift, residue levels over time in the field at measurement 
intervals sufficient for characterizing residue rate constants and decline.  Hydrologic 
measurement should include precipitation, pan evaporation, and soil moisture. 


 
• In-stream monitoring programs that provide a better optimization of sample location and 


frequency.  For example, the existing monitoring data in the Main Drainage Canal and 
lateral canals were insufficient in duration and at times excessive in sample frequency.  
Sample collection further downstream on the lateral canals, conducted over a longer 
period of time, but at a reduced sample frequency, would have provided greater utility for 
this study.   
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1.0 INTRODUCTION 


Diazinon (O,O-Diethyl O-(2-isopropyl-6-methyl-4-pyrimidinyl) phosphorothioate; CAS 
#333-41-5) is a broad spectrum organophosphate insecticide registered for use on a variety of 
terrestrial food, feed, and nonfood crops, and greenhouse food and nonfood crops (USEPA, 
2004).  Agricultural chemicals, including diazinon, have been detected in the Sacramento 
and San Joaquin Rivers and their tributaries (USEPA, 2004; USGS 2004; Karkoski, 2003; 
SRWP, 2002). 
 
In response, an exposure assessment model is being developed under the Sacramento River 
Toxic Pollutant Control Program (SRTPCP) to evaluate diazinon sources in the Sacramento 
River watershed.  Work to date has been conducted under a grant funded in part by the U.S. 
Environmental Protection Agency (USEPA) Region 9 to the Sacramento Regional County 
Sanitation District (SRCSD).  Recent activities have been directed toward model 
development and testing of a 38,000-acre area of the Main Drainage Canal (Figure 1).  The 
model is being used to assist in identifying sources of diazinon in the basin and evaluate the 
relative benefits achieved in implementing management practices.   The Main Drainage 
Canal was selected for evaluation to complement and expand the utility of other initiatives 
including a Clean Water Act 319(h) grant project in the sub-watershed that includes water 
quality monitoring in fields and storm monitoring of lateral drainage ways in which specific 
management practices have been implemented. 
 
The exposure assessment model for the Main Drainage Canal was constructed and calibrated 
to reproduce historical stream flows and diazinon concentrations measured in the watershed 
and then used in conjunction with monitoring data and geographical information system 
(GIS) analysis to identify source loadings of agricultural uses of diazinon in a spatial and 
temporal recurrence probability perspective.  The model was then used to evaluate the 
effectiveness of implementing management practices to minimize the transport of diazinon to 
non-target aquatic areas.  This report documents the methods and results of this modeling 
effort. 
 
 
2.0 MODEL SELECTION 


The environmental fate of a pesticide resulting from agricultural uses is governed by the 
complex interaction of numerous factors, including:  the physicochemical characteristics of 
the pesticide, the agronomic practices related to the production of the crop and the use of the 
pesticide, the soil and hydrogeological conditions where the pesticide is utilized, and 
climatological conditions at the time of and following its application.  Under label uses, 
diazinon has the potential to appear in aquatic environments as the result of runoff, erosion, 
and spray drift sources.  To estimate environmental concentrations of diazinon in aquatic 
ecosystems, models were required that account for as many of these governing processes as 
possible.   
 
The Pesticide Root Zone Model (PRZM) was selected to evaluate the potential movement of 
diazinon residues in the terrestrial system based on the model’s ability to account for 
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pertinent environmental processes at an appropriate scale and time step for chemical 
dissipation, and because of the preference for its use by USEPA's Office of Pesticide 
Programs.  PRZM is a dynamic, compartmental model for use in simulating water and 
chemical movement in unsaturated soil systems within and below the plant root zone (Carsel 
et al., 1998).  The model simulates time-varying hydrologic behavior on a daily time step, 
including physical processes of runoff, infiltration, erosion, and evapotranspiration.  The 
chemical transport component of PRZM calculates pesticide uptake by plants, surface runoff, 
erosion, decay, vertical movement, foliar loss, dispersion and retardation.  The model 
includes the ability to simulate metabolites, irrigation, and hydraulic transport below the root 
zone.  PRZM predicted chemical movement in runoff, erosion, subsurface sources which 
then became boundary condition loadings along the channel system in RIVWQ.   
 
RIVWQ was selected to evaluate the fate and transport of diazinon residues in the aquatic 
system based on its ability to simulate time-varying flow and represent multiple chemical 
dissipation pathways, and because of previous applications of its integration with PRZM.  
RIVWQ can accommodate tributary systems, non-uniform flow, and mass loadings 
anywhere along the model system (Williams et al., 1999).  Model geometry is based on the 
link-node approach in which the simulated system is divided into a number of discrete 
volumes (nodes or junctions), which are connected by flow channels (links).  Steady-state 
hydraulics are assumed that can change from time period to time period (i.e., any change in 
the hydraulic regime is assumed to be instantaneous throughout the system), which allows 
for flows to be calculated using the continuity equation alone, neglecting the momentum 
equation.  Dynamic constituent transport is a combination of advective flows and dispersion 
processes.  Dispersion processes, including constituent mixing as a result of backwater and 
flow reversals, are lumped together into a single dispersion coefficient.  Chemical constituent 
mass balance is calculated at each node and can accommodate dilution, advection, 
volatilization, partitioning between water and sediment, degradation in water and sediment, 
burial in sediment, and re-suspension from sediment.  RIVWQ includes transformation of 
parent chemical to metabolites and the degradation of the metabolites.  RIVWQ operates 
under a user-specified time step that must satisfy certain stability criteria.  For this study, 
model simulations were conducted using time steps on the order of minutes.  The user can 
choose between hourly or daily output.   
 
The linkage between PRZM and RIVWQ is outlined in a flowchart presented as Figure 2.  
The figure provides the conceptual illustration of processing a variety of spatial databases in 
a geographical information system (GIS) to identify unique land use/soil/diazinon use 
conditions.  Customization for this study included automation to read input data from a 
database file of basic inputs as well as a direct access file of specific application data that 
enabled the simulation of thousands of land use/soil/application combinations.  Custom post-
processors were used to compile simulation output into the mass and flow boundary 
condition files for each sub-watershed area for use as inputs to RIVWQ.   
 
In combination, PRZM and RIVWQ simulated temporal and spatially varying applications of 
diazinon in the watershed; the transport of diazinon into and along the stream network by 
drift, runoff, erosion, and subsurface sources; adsorption-desorption to soil and sediment; 
degradation is soil, water, and sediment from photolytic and metabolic processes.   
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Other models considered for this study were rejected for technical or budgetary reasons.  The 
Soil and Water Assessment Tool (SWAT) (Neitsch et al., 2002) takes considerably more 
effort to run when operated outside of the BASINS shell, which would have been necessary 
to take full advantage of the PUR database and control the representation of mitigation 
alternatives.  RIVWQ was selected over other water quality models such as EXAMSII 
(Burns, 1997) and WASP-5 (Ambrose et al., 1993) because of its efficiency and ability to 
simulate relevant governing processes at an adequate time step and scale for the watersheds 
being studied.  EXAMSII is unable to simulate time-varying discharges and mass loadings 
along the channel system.  WASP-5 requires substantially more labor, computer time, disk 
file storage, and has a tendency toward numerical instability, especially in small stream 
segments with rapid fluctuations in flow.  RIVWQ is more efficient in data setup, 
computation, and file management compared to EXAMSII and WASP-5.   
 
 
3.0 MODEL SETUP 


3.1 Watershed Delineation 


The model encompasses 38,000 acres in Butte County, California upstream of the U.S. 
Geological Survey (USGS) monitoring station 392144121492301 “Main Drainage Canal at 
Gridley Road”.  The external watershed delineation was completed by the USGS and 
provided to us in draft form in a geographical information system (GIS) format.  The 
delineation process was difficult in certain areas as noted in the accompanying metadata 
because of the relatively flat topography and complex drainage network having multiple 
intersections and bidirectional canals and waterways.    
 
3.2 Sub-Watersheds and Link Node Network 


Model resolution was based on the available data (primarily the County Meridian Township-
Range-Section which was the bases of diazinon use data), the study budget, and model 
stability considerations.  The channel network was defined starting with the National 
Hydrography Dataset (USGS, 2004c) as shown in the upper left hand corner of Figure 3.  A 
subset of principal channels was represented in the model based on their linkage to the outlet 
channel being monitored (Node 2).  Model nodes were selected to correspond with tributary 
junctions and monitoring locations.  Additional intermediate nodes were inserted to provide 
surface drainage entry locations into the channel system and to preserve numerical stability.   
 
The watershed was delineated into a number of sub-watersheds that share a common surface 
drainage entry location.  A total of 70 sub-watersheds were defined as shown in Figure 3.  
Delineation was based on the 319 study publication “Study of Diazinon Runoff in the Main 
Canal Basin During the Winter 2000-2001 dormant spray season” (Briggs and Oliver, 2002), 
a review of topographic maps (1:24,000 scale), and best professional judgment based on 
available data and within project budget constraints.  The drainage area of the Main Drainage 
Canal (38,000 acres) has very little relief (~40 feet total gradient).  Available topographic 
data (5 foot intervals) is not precise enough to accurately define drainage divides within the 
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drainage area and made it difficult for the USGS to define the outer watershed boundary.  For 
example on the 1:24000 topographic maps, there are many areas with one or more miles 
between topographic intervals.  Many of the drainage divides were assumed to occur midway 
between channels because the resolution of topographic data prevented a more exact 
drainage definition. 
 
3.3 Diazinon Environmental Fate Properties   


Environmental fate properties for diazinon (Table 1) were compiled from several references 
(Novartis 1997, USEPA 2000a, USEPA 2000b, and USEPA 1993).  For many properties, the 
references cite the same source data, although some discrepancy exists between certain 
values.  One reference, provided by Syngenta Crop Protection, Inc. (previous Novartis Crop 
Protection), is an ecological risk assessment of diazinon in the Sacramento and San Joaquin 
River Basins (Novartis, 1997).  Other references are assessments conducted by the U.S. 
Environmental Protection Agency (USEPA 2000a, USEPA 2000b USEPA 1993).  The 
second reference (USEPA 2000b) contains the methods and results of simulation modeling 
for diazinon using PRZM-3.12.  USEPA’s input parameter values reflect relatively recent 
studies and were used for model simulations.  It is important to note that these values have a 
conservative bias because of procedures followed by USEPA to account for uncertainty.  
Diazinon properties used in the simulations are provided below: 
 


Property Value 


Molecular weight 303.3 g/mol


Solubility 40 ppm


Henry’s Law Constant 1.4 x 10-7 atm-m3/mole 


Koc cc/g Koc: 758 cc/g 


Foliar degradation, T½ 4.0 d


Washoff 0.5 /cm rainfall


Aerobic soil metabolism, T½ 41.1 d 


Anaerobic soil metabolism, T½ 82.2 d 


Soil photolysis, T½ 20 hours 


Water decay rate, T½ 82.2 d


Sediment decay rate, T½ 164.4 d 


T½ = half-life
 
 
3.4 PRZM Input Data 


Water and diazinon mass originating from a sub-watershed was predicted by conducting 147 
unique PRZM simulations.  Each simulation was defined by the intersection of land areas 
designating different combinations of soil, land use, weather, and diazinon use.  Discussion 
on individual data sources is provided below.  Values are provided in Appendices A through 
D.  Input parameter requirements for PRZM are provided in Table A-1 of Appendix A.  The 
table identifies the parameter, the corresponding variable name in PRZM, the value used for 
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this study, and the source/rationale.  Values listed as “variable” are unique to each of the 147 
simulations and are provided in subsequent sections of the appendices.   
 
• Soils.  The National Resources Conservation Service (NRCS) office in Chico provided 


maps and soil properties for the section of Butte County that includes the Main Drainage 
Canal area.  Soil delineations for the watershed were digitized as part of this study 
(Figure 4).  Soil properties were processed into a format required for model input (inset 
table).  Soil parameters for each soil are provided in Table A-2 of Appendix A. 


 
• Land use.  Detailed land use data for Butte County was obtained from the California 


Department of Water Resources 1994 Land Use Survey (Figure 5).  This data was 
selected based on the exact designation of crops and therefore the ability to link this data 
to specific soils and applications listed in the Pesticide Use Report.  For agronomic 
model inputs, specific land use categories were grouped into broader categories based on 
similarity in agriculture or impact on model configuration (Figure 6).  Bi-annual 
Farmland Mapping and Monitoring Program (FMMP) data were reviewed to ensure that 
land use changes between 1994 and 2002 would not significantly compromise results.  
Model input parameters for each land use designation and associated runoff curve 
numbers for each soil/land use combination are also provided in Table A-3 of Appendix 
A. 


 
• Crop Parameters.  Cropping dates for emergence, maturation, and harvest and other 


crop parameters for interception storage, active root depth, areal coverage, and maximum 
canopy height were derived from parameter estimation guidelines in the PRZM manual 
and are provided in Table A-4 of Appendix A  
 


• Weather Data.  Precipitation and temperature data were obtained from the National 
Climatic Data Center (NCDC, 2004) for the National Weather Service station at Oroville, 
CA (46521).  For days with missing values, data from the next closest station at Willows, 
CA (49699) was used.  The Oroville station is approximately 13.5 km (closest point) to 
29 km (farthest point) from the watershed border.  The fill-in data from the Willows 
station is approximately 50 km from the watershed center.  The elevation of the Oroville 
and Willows stations are 171 and 233 ft above sea level, respectively.  The elevation of 
the watershed ranges from approximately 70-100 ft above sea level.  Monthly total 
rainfall from 1990 through 2003 is provided in Table 2.  Monthly normal rainfall for the 
same period is summarized at the bottom.  PRZM input parameters for evapo-
transpiration are provided in Table A-3 of Appendix A.  


 
• Diazinon Applications.  Diazinon use was obtained from the CADPR Pesticide Use 


Report (PUR) database (CADPR, 2004).  The PUR database reports all agricultural uses 
of registered pesticides by active ingredient and crop, including application date and rate 
by County Township, Range, and Section (COMTRS).  All records of diazinon use in the 
CADPR database over the 10-year simulation period (1992-2001) within the study area 
were simulated with the model.  Landuse data was used to better pinpoint applications for 
those COMTRS units  (square mile sections) that straddled the watershed divide.  Urban 
and homeowner uses were not simulated in the model as these use patterns are not are not 
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contained in the PUR database and not easily available from other sources.  Although 
these uses may have compromised model comparisons to historical monitoring data, they 
are not relevant in the application of the model in forecasting current or future conditions 
because these use patterns have been discontinued.  Historical uses of diazinon in the 
watershed are tabulated and mapped in Figure 7.  Diazinon use is concentrated in the 
eastern, upper portions of the watershed; western areas are predominately in rice 
production.   


 
Appendix D documents detail application data from the CADPR PUR database with 
areas/rates assigned to the Main Drainage Canal watershed.  Appendix E summarizes the 
daily mass of diazinon applied in kg for each lateral drainage canal and for the entire 
watershed. 
 


A total of 147 PRZM simulations were required to represent unique combinations of soils, 
land use, and diazinon applications in the watershed (Figure 8).  These unique areas are 
displayed with the sub-watershed drainage area and the river channel/link-node network that 
form the complete representation of the Main Drainage Canal model.  A given PUR point 
may be found in multiple unique PRZM runs if the COMTRS cell intersects with multiple 
soils.  Output from a PRZM simulation was assigned to one or more sub-watersheds 
depending on whether those soil-crop-application conditions occurred in that sub-watershed.  
Output for a sub-watershed was calculated by area weighting the appropriate percentage of 
unique simulations that define the soil-land use-application conditions in the sub-watershed.  
Output from each sub-watershed enters the stream network at the downstream node (i.e. area 
370 drains to and enters node 76).  Appendix B contains an expanded description of each of 
the 147 unique PRZM simulations, including run identification number, crop/land use 
category, soil series and associated hydrologic soil group, and the corresponding PUR link.  
Appendix C illustrates the assignment of PRZM scenarios to the 70 sub-watersheds and the 
acreage associated with the simulation.   
 
3.5 RIVWQ Input Data 


RIVWQ utilizes a number of input parameters to define the channel system, including link-
node topology (designating which nodes drain into which other nodes), stage-storage-
discharge relationships (relating channel geometry, frictional resistance, and dispersion), and 
sediment properties (bulk density, organic matter, and water-sediment transfer coefficients).  
Channel characteristics were based on limited observations from a field reconnaissance trip 
to the watershed in 2002, interviews with Peter Dileanis (USGS), Fred Thomas (CERUS 
Consulting), and inferred from Briggs and Oliver (2002).  Initial drift loads were based on 
USEPA default values for modeling aerial and airblast (predominate ground application 
method) using 5% of the application rate across the surface area of the water body).  Values 
were refined during calibration.  Input, sources, and rationale for RIVWQ are provided in 
Appendix F. 
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4.0 MODEL CALIBRATION AND PARAMETER SENSITIVITY ANALYSIS 


4.1 Calibration Process  


Model performance was evaluated by comparing model predictions to measured streamflow 
and diazinon concentrations at model nodes where sufficient monitoring data was available.  
Streamflow data for USGS gauge number 392144121492301, Main Drainage Canal at 
Gridley, was provided by Peter Dileanis, USGS, Sacramento District office.  Monitoring 
results for diazinon were obtained from six sources, some unpublished.  Sources include the 
CVRWQCB Staff Report July 2000; Water Resources Investigations Report 02-4101; 
NWISWeb data for the nation; and as of yet unpublished data by the USGS.  In addition, the 
319(h) studies provide in-field runoff data and water samples collected from interior drainage 
canals.  Figure 8 illustrates the 4 locations with monitoring data available for at least short 
periods of time between 1994 and 2001.   
 
Sensitivity analyses were performed on input parameter values with the greatest uncertainty 
(Appendix G).  The study initially involved the use of PRZM version 3.12, which did not 
consider subsurface lateral inflow into the receiving water system.  This feature was added to 
PRZM and became a component to the sensitivity analysis.  Simulations noted as “Progress 
2” in Appendix G refer to a sensitivity analysis without subsurface return flow and with 
sediment routines turned off.  Table G-1 in Appendix G identify parameter values changed as 
part of the sensitivity analysis and include: sensitivity of subsurface return flow, sediment 
parameters, drift parameters, diazinon degradation rates, runoff curve numbers, crop growth 
parameters, and application assumptions on how much of use in a PUR COMTRS occurs 
within the watershed.  The most sensitive values were runoff curve numbers and the fraction 
of PRZM leachate diverted to subsurface lateral flow as shown in Tables G-2 (diazinon mass 
loadings to water) and G-3 (annual maximum concentration of diazinon at the basin outlet).  
Degradation rates, drift parameters, crop values, and sedimentation values resulted in minor 
differences in the results.   


 


Time series graphs of the sensitivity analysis are provided in Figures G-4 through G-7 in 
Appendix G.  Figure G-4 presents the response on streamflow predictions at the basin outlet 
(Node 2) for year 2000.  The top panel of the figure presents precipitation and diazinon 
application rates and the bottom panel presents predicted streamflow for different sensitivity 
runs.  The corresponding influence on predicted diazinon concentration is presented in 
Figures G-5.  Figure G-5 is presented in three panels for clarity.  Similar results are presented 
for 2001 in Figures G-6 (streamflow) and G-7 (diazinon concentration). 


Input parameter values were adjusted within realistic ranges in an attempt to better reproduce 
event timing, magnitude and duration.  Cross-sectional geometry was refined during the 
calibration process upon receipt of additional data from Dileanis and Thomas.  These 
adjustments provided relatively insignificant effects on model predictions.  Base flow and 
other subsurface lateral return flow were incorporated into the model, which proved to be 
both highly sensitive and improve predictions of streamflow magnitude, event duration, and 
consequently, diazinon exposure event concentration magnitude and duration.  Implementing 
other storage/attenuation mechanisms (Muskingum routing, dead storage) provided 
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incremental improvements in model performance.  The storage term compensates for various 
attenuation factors that exist in the agricultural landscape that were not specifically 
represented, including interior features of the sub-watersheds (depressions, wetlands, ponds, 
ditches, smaller canals/streams) and other storage features in the represented river system 
(beaver dams, obstructions, side pools).  Subsurface flow was the primary calibration 
parameter.  Curve numbers were adjusted for the lower basin, which is predominately rice 
land use.  Drift loads were adjusted in some areas of the basin in order to improve model 
predictions. 


 
4.2 Calibration Results 


Visual analysis was used to evaluate model performance because of the difficulty in using 
statistical analyses with a poorly populated time-series dataset.  Calibration results are 
presented in Figures 9 and 10.  Figure 9 compares predicted versus observed streamflow and 
diazinon concentration at four locations for 2001.  Year 2001 had the best record of diazinon 
concentration in terms of sample frequency.  The top panel presents daily precipitation (cm) 
for reference and interpretation purposes.  The middle panel presents streamflow (cfs) and 
the lower panel contains diazinon (µg/l).  Monitoring locations are provided in Figure 8.  
Figure 10 presents results for 1994, 2000, and 2001on the Main Canal (node 2).  Observed 
streamflow data was not available for 1994 and 2000 for comparison.  It was noted in the 
data supplied by CVRWQB that the 2000 data is mostly ELISA data, which showed a bias 
towards higher concentrations when compared to GC/MS. 
 
In general, runoff event timing and duration mimic observed data.  Predictions of streamflow 
during runoff events were generally within several cfs in the North (node 118), Middle (node 
38), and South (node 36) laterals, but up to 150 cfs in Main Drainage Canal.  In general, 
diazinon concentrations were within several (µg/l) of measured values.  The Middle Lateral 
(node 38) appears to have a consistent under prediction in diazinon concentration during 
2001 (Figure 9), but the difference is within 1 µg/l.  The Main Drainage Canal (node 2) 
appears to have an under prediction in streamflow during 2001.  Other locations had no 
consistent over or under prediction between streamflow or diazinon exposure events.  System 
modifications that improve the performance at these individual locations (nodes 38 and 2) 
adversely impact model performance elsewhere in the system.  Therefore, the final 
configuration was felt to be the best compromise for the system at large.   
 
Predicted results are encouraging given the number of assumptions required in setting up a 
complicated system.  Unfortunately, monitoring data for diazinon is sparse and therefore of 
limited utility.  The model could not reproduce the observed concentrations of diazinon seen 
around February 21, 2001 in the North Lateral canal (node 118) in the bottom left panel of 
the first page of Figure 9 because there is no record of diazinon use in the PUR database.  
Either the observed concentrations represent an unreported use of diazinon in the 
watershed or boundary condition inflow from external uses (an external source of water 
occurs upstream of this location).  Water flow entering the watershed at North Lateral was 
accounted for by increasing baseflow during the calibration process.  However, external 
loading of chemical was not included.   It may be possible that application dates in the PUR 
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are incorrect for areas contributing to this location because model predictions from March 1 
to March 8 are anomalously high. 
 
Environmental chemistry properties for diazinon were not adjusted during calibration 
because concentrations were not consistently under or over predicted.  Reductions in 
degradation half-lives for PRZM may improve model performance later in the season, but 
uncertainties in other areas of model configuration do not provide sufficient justification for 
changing degradation rates.  As a result, diazinon properties remained consistent with those 
used in earlier simulations by the U.S. Environmental Protection Agency (USEPA, 2000b). 
 
 
5.0 SIMULATIONS OF HISTORICAL USES OF DIAZINION 


Diazinon concentrations predicted in Main Drainage Canal (Node 2) for the simulation 
period of 1992 through 2001 are presented in Figure 11.  The figure also presents daily 
precipitation reported for the Oroville weather station and model predictions of streamflow 
for the same period.  Simulations reflect actual use of diazinon in the watershed as reported 
in the PUR database use for the same period.  The figure illustrates seasonal and annual 
variability in precipitation, streamflow, and diazinon concentration.   
 
Annual maximum diazinon concentrations are summarized in Table 3 for four points of 
interest, the Main, North, Middle, and South canals.  Both Figure 11 and Table 3 illustrate 
the relative difference between high exposure years (1992, 1993, 1994, and 2000) and low 
exposure years (1997, 1998, 1999, and 2001).  Similar tables can be generated for other 
endpoints (e.g., 96-hour durations).  Peak concentrations of diazinon ranged from 0.96 ppb 
(2001) to 11.70ppb (2000) in the Main Drainage Canal.  Highest concentrations (27.6 ppb) 
were predicted in the Middle Lateral for 2000.   
 
The predominant source of diazinon loading is from runoff sources (Table 4).  Drift and 
subsurface transport pathways were relatively insignificant. The relatively small influence of 
drift was determined during the calibration process.  Diazinon pulses coincided with rainfall 
events as opposed to application events.  There were no noticeable spikes on the days 
without rain and it is unlikely that applications were occurring during rainfall events. 
 
Based on 2001 use patterns, source loadings were concentrated in the eastern, upper part of 
the watershed (Figure 12).  The lower basin, primarily planted in rice, has negligible use of 
diazinon.  Subbasins generating the highest loadings to the aquatic environment include 
those numbered 150, 160, 690, 710, 720, and 730 on the South Lateral and 580, 600, and 740 
on the North Lateral.  These sub-watersheds are characterized as having large percentages of 
soils of Hydrologic Soil Groups C or D (Figure 4) and significant acreage of stone fruit 
treated with diazinon (Figure 7). 
 
Diazinon applications in the watershed generally occur from December through March with 
the highest use occurring in January and February.  An additional, but lesser, use of diazinon 
occurs in the watershed in the late spring/summer months (May through September).  The 
application window for diazinon use on dormant orchards coincides with the wet season 
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(December through March) with the months of highest use corresponding with the wettest 
months of the year (January and February).  As a result, the majority of diazinon use is 
occurring during periods when runoff events are most likely to occur.  Periods of highest 
concentration are also predicted to occur during the December to March period.  In some 
years elevated concentrations were predicted to occur through May. 
 
 
6.0 MANAGEMENT SCENARIOS 


Management practices were recently added to product labels for the use of diazinon on 
dormant orchards in the San Joaquin and Sacramento River basins to minimize the transport 
of diazinon to non-target aquatic ecosystems.  These practices were communicated by 
diazinon registrants to farmers last winter with the help of the Coalition for Urban/Rural 
Environmental Stewardship (CURES) and have since been added to diazinon labels.  The 
practices include limiting applications to ground applications during the dormant season, 
requiring a 10 ft vegetative filter strip (VFS) to reduce runoff and a 100 ft application setback 
to reduce drift, limiting applications if soils are saturated or if rainfall is forecast within a 48-
hour period, encouraging optimum timing for application based on larvae 
count/development, and restricting applications based on wind speed and wind direction to 
minimize spray drift. 
 
The management practices identified on the label, and other alternatives, were simulated with 
the calibrated model of the Main Drainage Canal.  The impact on each scenario was 
evaluated by comparing model predictions of diazinon concentrations in the Main Drainage 
Canal and mass loadings of diazinon into receiving streams to model predictions of baseline 
conditions.  For the purpose of this assessment, baseline conditions are defined as current 
uses of diazinon, based on the last several years of PUR records, and standard agronomic 
practices in place prior to the recent stewardship program recently promoted by CURES and 
implemented on product labels.  Model simulations were conducted using 10 years of 
historical weather data (1992-2001) in order to evaluate the variability in diazinon transport 
to receiving water streams in a probabilistic fashion  (i.e., under a range of low, moderate, 
and high runoff conditions).   
 
A 12 x 25 scenario matrix was developed consisting of variations in application frequency, 
rate, and rainfall forecasting restrictions (12) with variations in percent of crop treated, 
application setback requirements (drift reduction buffers), vegetative filter strip widths, and 
maintenance of inter-row vegetative filter strips (25).  The scenario matrix (Tables 6 and 7) 
includes and expands on the management practices recently implemented on product labels.  
The matrix also provides a sensitivity analysis on use conditions that could occur; for 
example, if all candidate crop acreage in the watershed were treated at the maximum label 
rate.   
 
6.1 Application Factors  


Each application scenario consisted either of 1, 2, or 3 applications per year at the label rate 
of 2 lb a.i./ac per application.  The number of applications reflected options permissible on 
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product labels.  Application dates and intervals were based on an analysis of the PUR data 
for the years 1998 to 2002.  When three applications were simulated, applications were 
scheduled to occur over a 7-day interval centered about February 2, February 20, and 
February 27.  When two applications were simulated, the applications were centered about 
February 20 and February 27.  When a single application, was simulated, the window was 
centered at February 20.  In the analyzed time period, the 7-day windows around February 2, 
February 20, and February 27 accounted for 12.5, 27.6, and 19.1 percent of the total 
applications, for a total 59.2 percent of all applications around the 3 dates.  
 
Scenarios were designed to simulate the effect of restricting applications within 24, 48, or 72 
hours of a forecasted rainfall event.  If rainfall of one inch or more occurs within the target 
window, applications were shifted to occur before or after the originally targeted application 
date.  The scenario assumes all applications will occur, but the timing will shift if the 
potential for rainfall is forecast.  The 12 application scenarios are summarized in Table 6 and 
include the following factors. 
 


Application Factors in 12 x 25 Scenario Matrix 
Factor Variation 
Number of applications 1, 2, or 3 applications per year 
Rainfall forecast restriction 0, 24, 48, and 72-hr restriction 


 
 
6.2 Management Factors  


Twenty-five runoff/drift conditions were simulated for each of the 12 application scenarios 
(Table 7).   The conditions include both management factors to mitigate diazinon transport 
and a sensitivity analysis to address uncertainty in the original model setup.  The 
management factors (21 conditions) include reductions in acreage treated, the 
implementation of vegetative filter strips (VFS), maintenance of inter-row vegetative filter 
strips, and buffer strips to reduce direct spray drift to adjacent ditches and streams.   Four 
additional conditions were simulated to address uncertainty in estimates of potential ditch 
and stream exposed to drift. 
 
The 25 “management” conditions were simulated by applying reduction factors to scale drift 
and/or runoff loadings of diazinon from the agricultural system (predicted by the PRZM 
model) to the river system (predicted by RIVWQ).    
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Management Factors in 12 x 25 Scenario Matrix 


Factor Variation 
Crop treatment 25, 50, 100% of crop acreage treated 
Vegetative filter strip  0, 10, 20, and 50 feet 
Inter-row vegetative filters 0, 50, and 100% vegetative filter cover 
Drift buffer  0, 25, 50 and 100 feet 
Drift reception area Baseline and 2x baseline 


 
The three crop treatment percentages reflect the fact that all fields/orchards are not treated in 
any single year.  An analysis of previous application years (1998-2002) shows that between 
13% and 31% of the potential crop area (as mapped in 1994 Butte County land use survey, 
Figure 3) received applications.  The 25% scenario most accurately reflects recent yearly 
applications, whereas the 50% and 100%, although not typical, are still possible given the 
current labels. 
 
Runoff loading reductions resulting from vegetative filter strips of variable widths were 
represented using empirical reduction factors incorporated in the SWAT model (Neitsch et 
al., 2002).  The filter trap efficiency provided in SWAT is based on empirical data and is 
represented as: 
 
 trapef = 0.367 (widthfiltstrip)0.2967 


 
in which trapef is the fraction of the loading trapped and widthfiltstrip is the width in meters of 
the filter strip. 
 
Reductions from inter-row vegetative filters was based on research by Watanabe and 
Grismer (2003) in which observed diazinon runoff, as a percent of applied active ingredient, 
was 8.6, 5.8, and 2.3% with 0, 50, and 100% inter-row VFS cover, respectively.  The authors 
achieved similar results in a simulation modeling study with a 50-mm/hr rainfall event and 
lower diazinon losses with lower intensity rainfall events.  The high intensity rainfall results, 
therefore, results were used for this study as conservative estimates of effectiveness (i.e., 
may underestimate trapping and therefore errs on the side of protection). 
 
The base drift fraction scenario assumed 5% drift with all stream surface area potentially 
close to a field receiving an application.  Drift reductions to conform with the 100' setback 
and wind speed/wind direction management practices were based on airblast model 
predictions using AgDRIFT (Teske et al., 2001).  Drift loads predicted by the AgDRIFT 
model were as follows:  25 ft = 1.78%, 50 ft = 1.23%, and 100 ft = 0.76%.   
 
A high-resolution analysis of field proximity to ditches and streams was not incorporated 
into the model setup.  Therefore, a sensitivity analysis was included to address uncertainty in 
the surface area of ditches and streams receiving spray drift.  For the sensitivity analysis, the 
potential receiving area was doubled.  This factor represents a more conservative estimate of 
drift. 
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Reduction factors used for each scenario are summarized in Table 7.  Definitions for each 
factor are provided below: 
 
• FRAC_STRM:  Fraction of fields within drift receiving area. A value of 1.0 indicates all 


stream surface area receives the drift rate (determined with the FRAC_DRFT).  A value 
less than 1.0 indicates a reduction.  


 
• FRAC_DRFT:  Fraction of application rate hitting water surface (function of VFS width 


or drift setback.) 
 
• FRAC_APP:  Fraction of crop acreage treated. 
 
• RUN_FRAC: Runoff/erosion reductions for VFS and inter-row vegetative filters.  The 


factors were applied to runoff/erosion loads, not drift or subsurface sources. 
 
6.3 Scenario Results 


Scenarios were evaluated by comparing total watershed loadings of diazinon to water 
predicted by the model from runoff, drift, and subsurface sources and by comparing 
predicted concentrations at the outlet of the Main Drainage Canal to baseline conditions.   
Scenarios used the same historical weather data simulated with the baseline scenario in order 
to provide a side-by-side comparison. 
 
Scenario results are summarized in Tables 8 and 9 with supporting data presented in 
Appendices H through J.  Table 8 summarizes total diazinon loadings to water across the 
watershed by scenario for the 10-year simulation period.  Appendix H presents this 
information according to source (surface runoff, subsurface contribution, or drift).   Runoff 
was the dominant pathway for diazinon transport to the channel system, comprising 80 to 98 
percent of total loadings depending on the scenario.  Subsurface (2 to 10 percent) and drift 
(0.3 to 11 percent) provided substantially lower contributions. 
Table 9 summarizes the upper 10th centile concentrations of diazinon based on the annual 
maximum series at the basin outlet (node 2 in Figure 2).  This concentration corresponds to a 
10-year return period.  The complete annual series for each scenario is presented in 
Appendix I.  Appendix J contains daily time series concentrations for the maximum (1998) 
and minimum (1999) rainfall year and illustrates the temporal pattern and duration of 
exposure events in the Main Drainage Canal. 
 
Baseline conditions are best represented by scenario C2, characterized as 25 percent of crop 
treatment at a single application per year.  Comparing individual scenario results in Table 9 
provides a mechanism to evaluate the relative impacts of individual factors.       
 
• Number of applications.  Increasing the number of applications resulted in an increase in 


diazinon concentration of 111 percent with two applications (scenario B2 compared to 
C2) and 151 percent with three applications (scenario A2 compared to C2).  These 
results, however, are not directly proportional to the total increase in applied diazinon 
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mass because of the stochastic nature of rainfall and the temporal aspects of degradation 
and other dissipation mechanisms.   


 
• Rainfall restriction.  Application restrictions based on forecasted rainfall resulted in 


varying benefits on a storm-by-storm basis as shown in the first two graphs of Appendix 
C.  Relatively little benefit occurred in the upper 10th centile concentration (F2, I2, and 
L2 compared to C2 in Table 9).  The 24-hour restriction provided a reduction of 3.5 
percent but the 72-hr restriction increased concentration by approximately 10 percent.  
The increased concentration associated with the 72-hour restriction is associated with a 
greater mass of diazinon on surface soils at the onset of the storm event associated with 
the upper 10th centile concentration.  The mass increase resulted from condensing 
applications.  In general, this management practice is more beneficial with agricultural 
chemicals having relatively fast degradation rates in the environment (e.g., 1-3 day half-
lives).   


 
• Percent crop treated.  Increasing the percent of treated crop from 25 to 50 and 100 


percent resulted in increased concentrations of 100 percent (C1 compared to C2) and 298 
percent (C0 compared to C2), respectively.  


 
• Vegetative filter strips.  Vegetative filter strips (VFS) provided significant benefit in 


reducing diazinon concentration.  Concentrations were reduced by 51, 63, and 82 percent 
with VFS widths of 10, 20 and 50 feet, respectively (C5, C8, and C11 compared to C2).  
In practice, vegetative filter strips must be maintained to minimize and prevent channel 
formation and short-circuiting.   


 
• Inter-row vegetative filters.  Inter-row vegetative filters reduced concentrations by 33 and 


72 percent with coverage of 50 and 100 percent, respectively (C14 and C17 compared to 
C2). 


 
• Drift buffers.  The 25, 50, and 100 ft setback distances provided relatively little benefit in 


upper 10th centile concentrations and total period mass loadings of diazinon (C18 through 
C21 compared to C2).  Drift reduction provides the greatest benefits to shallow 
headwater ditches and streams, which were not included in the link-node representation 
of the channel system, and in reducing low-level concentrations of diazinon between 
runoff events during the application season.   


 
• Drift reception area.  Doubling the drift load (C23 through C25) to account for 


uncertainty in the surface area exposed to drift proved to be a relatively insensitive 
parameter because of the dominance of runoff in total mass loadings and high exposure 
events. 


 
The recent label practices are best represented by scenario F5, characterized as 25% crop 
treatment, a single application per year, a 24-hour rainfall window, and a 10-ft vegetative 
filter strip.  The 100-ft  setback for drift reduction was not included with these other factors 
in scenario F5, but the relative benefit of the drift buffer was minor as discussed above and as 
shown between scenarios F18 and F20.  In combination, the label practices are predicted to 
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provide a 53 percent reduction in diazinon loadings to the water and a 52 percent reduction in 
the upper 10th centile annual maximum concentration.  
 
Elimination of diazinon transport to non-target aquatic systems was not predicted to occur 
with the recent label changes.  However, the management practices specified on the label are 
likely to provide considerable reductions in diazinon loadings and concentrations in the Main 
Drainage Canal.  Similar reductions are likely to occur in other areas of the Sacramento 
River basin that have similar use density and climate. 
 
Figure 13 presents the relative difference in upper 10th centile annual maximum 
concentration for the baseline scenario (C2), with and without the individual factors noted 
above (B2, A2, F2, I2, L2, C1, C0, C5, C8, C11, C14, C17, C18, C19, C20, C21, C23, C24, 
C25), and with the recent label practices (F5).   In summary, the greatest reductions in 
diazinon loadings and aquatic exposure concentrations were predicted to occur with adjacent 
vegetative filter strips, inter-row vegetative filters, and decreases in diazinon use (number 
applications and percentage of crop treated).  Lesser benefits were predicted to occur with 
drift buffers and rainfall restrictions, although these practices will provide significant benefit 
to shallow headwater ditches and smaller exposure events. 
 
Management options that had been considered, but could not be evaluated, include the 
following: 
 
• Vegetative filter ditches.  Research in this area is being initiated in the Sacramento River 


watershed that will provide data for model development, validation, and application. 
 
• Sophistication in simulating Vegetative Filter Strips.  Results presented herein reflect 


reduction factors applied to edge-of-field loadings based on empirically derived data.  
More sophisticated methods can be employed to address chemical mass balance within 
the vegetative filter strip in a temporal context (e.g., ability to address variability in storm 
magnitude and potential flushing of accumulated residues).  Two options include the 
linkage of PRZM simulations as a runoff-run on model or the incorporation of methods 
similar to those presented by Watanabe and Grismer (2003). 


 
• Water holding.  Containing runoff water for 72 hours prior to downstream release has 


been recommended in recent stewardship programs (CURES, 2004), but was not 
simulated herein.  Water holding may be practical in certain areas of the Main Drainage 
Canal based on the high density of rice acreage that could conceivably used for storage.  
Water holding can be represented in various ways in the PRZM-RIVWQ modeling 
system. 


 
• Sophistication in simulating drift loads.  Greater sophistication can be employed in 


simulating drift as a function of setback distance, wind speed, and wind direction.  This 
would require a more detailed spatial characterization of the proximity of treated fields to 
nearby ditches, streams, and other potential receiving water bodies along with a 
stochastic or probabilistic representation of wind speed and direction.
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7.0 UNCERTAINTY 


Models are mathematical representations of complex physical, chemical, and biological 
processes.  The model of the Main Drainage Canal involved the linkage of a 1-dimensional 
(vertical) pesticide leaching model with a 1-dimensional river hydraulics, water quality 
model.   Some level of uncertainty is inherent in any modeling study because of 
simplifications required in representing the system as a prototype, limitations in data used to 
configure the model, and in the predictive capabilities of the models themselves.  Areas of 
greatest uncertainty from a model setup standpoint relate to accurate knowledge and 
characterization of the complex drainage and water management of the system, subsurface 
contributions, field-level proximity of agriculture to water, channel cross-sectional geometry, 
external surface water sources, and diazinon degradation under local conditions.   
 
The Main Drainage Canal, and the Sacramento River basin at large, are extremely complex 
hydrodynamic systems.  In areas of low relief, water flow is governed by hydraulic gradients 
that do not always correspond with topography.  The precise drainage in this type of system 
may never be known except perhaps at the very local level.  In some circumstances drainage 
divides were defined as the midpoint between channels because topographic resolution does 
not exist.  In addition, a finer network of ditches and canals exists that couldn’t be detailed 
within the scope of this study, which added uncertainty to several aspects of the study, 
including flow attenuation and spray drift reception. 
 
Several processes were represented by simple multiplication factors.  These include spray 
drift to water and the load reduction factors used to represent vegetative filter strips and 
inter-row vegetative filters in the management scenarios.  Spray drift was assumed as 5% of 
the application rate across an estimated impacted water surface area.  These numbers were 
reduced for various setback distances in the management scenarios as follows:  25 ft = 
1.78%, 50 ft = 1.23%, and 100 ft = 0.76%.  Improved predictions would require detailed 
knowledge of field-water relationships, spray mixtures, application equipment, and 
meteorological conditions during application.  
 
Multiplication factors of 0.489, 0.373, and 0.177 were used to calculate reductions in 
diazinon in runoff with vegetative filter widths of 10, 20, and 50 ft, respectively.  These 
factors are based on an empirical relationship used in the SWAT model (Neitsch et al., 
2002).  This compares to pesticide removal of 11 to 100 percent reported in a summary of 
buffer studies measuring trapping efficiencies for pesticides (USDA, 2000).  
 
Watanabe and Grimer (2003) developed a numerical simulation model to predict diazinon 
losses with inter-row VFS.  Simulations were conducted with inter-row VFS coverage 
(ranging from 0 to 100 percent), three rainfall intensities (20, 35, and 50 mm/hr), and three 
application rates (100, 75, and 50% of conventional rates).  Diazinon loss ranged from zero 
to approximately 8 percent of applied active ingredient depending on rainfall intensity, VFS 
length, and pesticide application rates Reduction factors of 0.67 and 0.27 were used to 
calculate reductions in diazinon associated with 50 and 100% inter-row VFS cover, 
respectively.   
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Assumptions were made in the representation of diazinon applications in the management 
scenarios.  Based on the PUR data, the temporal and spatial relationship of applications 
varies from year to year.  That is, in adjacent years, the same field may be applied earlier or 
later in the season and may receive different rates of application or no application at all.  
Therefore, to minimize the number of simulations (approximately 44,0000 soil, crop, 
application, and management combinations were represented in the scenarios), a standard 
application schedule was created in which applications were assumed to occur with a 1-week 
window.  The application window accounted for the period in which the majority of diazinon 
(approximately 60 percent) is applied.   
 
The extent that the model should be limited to providing relative differences between 
scenarios or providing accurate predictions of concentrations depends the level of validation 
that occurs.  It is difficult to assess the adequacy of the model given the limited monitoring 
data.  Clearly, there are exposure events that are under predicted and others that are over 
predicted by the model.  This may be the result of precipitation records for Oroville not 
adequately representing weather patterns in the Main Drainage Canal area.  The ranges in 
concentration magnitude and exposure event duration for 1994, 2000, and 2001 are similar to 
the ranges observed in the monitoring data, thereby indicating that model may have value in 
predicting concentrations in a probabilistic framework (e.g., across events and years).  
Refinements can be made to the model in terms of data collection, detail, and further 
calibration, but this effort may not be warranted depending on the intended use of the model 
and the accuracy required.  The limitations in monitoring data may be a reason modeling 
may be of value for exposure assessment in the Main Drainage Canal and in much the 
Sacramento River watershed as well.    
 
Even an imperfect model can contribute to the “weight of evidence” for making prudent 
management decisions.  Models are often the only quantitative way of expressing risk in a 
probabilistic manner or the only tool that can be used to screen mitigation alternatives prior 
to implementation.  Models can also be used to try to fill in missing information such as 
periods or locations where monitoring did not occur or as a mechanism to prioritize areas or 
issues for further investigation.   
 
 
8.0 CONCLUSIONS AND RECOMMENDATIONS 


An exposure assessment model was developed under the Sacramento River Toxic Pollutant 
Control Program (SRTPCP) to evaluate diazinon sources in the Main Drainage Canal.   The 
model involved the linkage of two separate models, PRZM and RIVWQ, to simulate 
diazinon fate and transport in the terrestrial and aquatic environments, respectively.  In 
combination, PRZM and RIVWQ simulated temporal and spatially varying applications of 
diazinon in the watershed; the transport of diazinon into and along the stream network by 
drift, runoff, erosion, and subsurface sources; adsorption-desorption to soil and sediment; 
degradation is soil, water, and sediment from photolytic and metabolic processes.  This 
technology can be transferred to other watershed and can be used to simulate other chemicals 
in the Main Drainage Canal system.   
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Sufficient data existed to characterize important factors in the movement of diazinon to non-
target areas in a spatial and temporal context; including variability in soils, weather, and 
diazinon use.  Detailed information was not readily available on diazinon degradation under 
local conditions, channel cross-sectional geometry, and localized drainage and water 
management.  Model configuration for these aspects required best professional judgment 
based on available data and within project budget constraints.  Areas of greatest uncertainty 
were in precise characterization of drainage, representing the impacts of smaller ditches and 
streams, and in predicting drift loads, and subsurface contributions.   
 
Model performance was evaluated by comparing predictions to measured streamflow and 
diazinon concentration.  In general, model predictions compare favorably to observed data 
with respect to event timing and duration.  It is more difficult to assess the ability to predict 
diazinon concentration peaks because of limitations in available monitoring data with respect 
to sample frequency and in some cases suspect magnitudes.  Concentrations are neither 
consistently under or over predicted and exposure event durations are comparable, thereby 
providing contextual evidence on the accuracy of model predictions. 
 
The predominant source of diazinon loading in the aquatic system was predicted to occur 
from runoff sources.  Drift and subsurface transport pathways were relatively insignificant in 
comparison.  Subbasins generating the highest loadings of diazinon to the aquatic 
environment are in the upper, eastern portion of the watershed and characterized as having 
large percentages of soils of Hydrologic Soil Groups C or D (i.e., relatively high silt and clay 
content) and significant acreage of stone fruit treated with diazinon.  The lower basin, 
primarily planted in rice, has negligible use of diazinon.   
 
In general, periods of highest concentration were predicted to occur during from December 
through March.  In some years, elevated concentrations were predicted to extend into May.  
The majority of diazinon use is occurring during the wettest period of the year when runoff 
events are most likely to occur.   
 
Scenarios were developed to evaluate management alternatives involving application 
frequency, rate, and rainfall forecasting restrictions with variations in percent of crop treated, 
application setback requirements (drift reduction buffers), vegetative filter strip widths, and 
maintenance of inter-row vegetative filter strips.  The greatest reductions in diazinon 
loadings and aquatic exposure concentrations were predicted to occur with adjacent 
vegetative filter strips, inter-row vegetative filters, and decreases in diazinon use (number 
applications and percentage of crop treated).  Less benefit was predicted to occur with drift 
buffers and rainfall restrictions, although the implementation of these practices will reduce 
concentrations in shallow headwater ditches and during smaller exposure events in the Main, 
North, Middle, and Lateral canals.  
 
Management practices have recently been added to diazinon labels for applications to the 
dormant orchards in the San Joaquin and Sacramento River basins to minimize the transport 
of diazinon to non-target areas.  The practices include limiting applications to ground 
applications during the dormant season, requiring a 10-ft vegetative filter strip (VFS) to 
reduce runoff and a 100-ft application setback to reduce drift, limiting applications if soils 
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are saturated or if rainfall is forecast within a 48-hour period, encouraging optimum timing 
for application based on larvae count/development, and restricting applications based on 
wind speed and wind direction to minimize spray drift.  The scenario matrix includes and 
expands on the management practices recently implemented on diazinon labels.   
 
Management practices recommended on the supplemental labels are likely to provide 
considerable reductions in diazinon loadings and concentrations in the Main Drainage Canal.  
In combination, the label practices were predicted to provide a 53 percent reduction in 
diazinon loadings to water and a 52 percent reduction in concentration for high exposure 
events.  Similar reductions are likely to occur in other areas of the Sacramento River basin 
that have similar use density and climate. 
  
It is difficult to verify the appropriateness of certain input assumptions because of 
deficiencies in monitoring data available for validation. Therefore, it is recommended that 
these results be used primarily for the relative comparison of scenarios rather than as an 
absolute predictor of diazinon concentration magnitude and duration.  However, event 
magnitude, duration, and frequency analysis is possible with the time-series data generated 
by the model.  At this point of model development, additional scenarios and scenario 
combinations can be simulated with relative ease.   
 
Future research that would improve an understanding of diazinon, and other agricultural 
chemicals, in the Main Drainage Canal includes:  
 
• Additional site characterization to refine estimates of channel geometry, localized 


drainage, and water management practices.   
 
• Spatial characterization of the composition of agricultural fields and their proximity to 


nearby ditches, streams, and other potential receiving water bodies from aerial 
photographs or other imagery.  This information could be used to refine estimates of drift 
loads and the extent of existing inter-row vegetative filters and vegetative filters strips.   


 
• More sophisticated approaches toward simulating the effects of buffer strips, vegetative 


filter strips and inter-row vegetative filters that address storm-event intensity and residue 
accumulation and flushing. 


 
• Mitigation achieved from other management practices being promoted in the Sacramento 


River basin including vegetative filter ditches and diverting and holding runoff water 
prior to releasing it to downstream systems.  


 
• Prospective field-level monitoring studies to characterize diazinon degradation under 


localized conditions.  Such studies would monitor relevant parameters including 
application efficiency and drift, residue levels in the field at measurement intervals 
sufficient for characterizing residue decline.  Hydrologic measurement should include 
precipitation, pan evaporation, and soil moisture. 
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• In-stream monitoring programs that provide a better optimization of sample location and 
frequency.  For example, the existing monitoring data in the Main Drainage Canal and 
lateral canals were insufficient in duration and at times excessive in sample frequency.  
Sample collection further downstream on the lateral canals (e.g., model nodes 80, 104, 
and 22), conducted over a longer period of time (e.g., the entire dormant application 
season), but at a reduced sample frequency (e.g., daily), would have provided greater 
utility for modeling studies at this level of resolution.   
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Table 1.  Physcochemical Properties of Diazinon 


Property Diazinon Source 
CAS Number 333-41-5 Novartis 1997, USEPA 2000a 
Empirical formula C12H21N2O3PS Novartis 1997, USEPA 2000a 
Molecular weight 303.3 g/mol Novartis 1997, USEPA 2000a 
Solubility 40 ppm @ 20oC Novartis 1997, USEPA 2000a 
Log Kow (Log P) 3.3 @ 25oC Novartis 1997, USEPA 2000a 
Vapor pressure 1.06 x 10-4 mm Hg at  25oC 


1.4 x 10-4 mm Hg at  20oC 
Novartis 1997 
USEPA 2000a, USEPA 2000b 


Henry’s Law Constant 1.13 x 10-7 atm-m3/mole 
1.4 x 106-7 atm-m3/mole 


Novartis 1997 
USEPA 2000a, USEPA 2000b 


Koc cc/g Log Koc:  Mean 3.15, 3.0 to 3.26 (n =4) 
Koc: 758 cc/g 
Koc = 255, 325, 370, 281 


Novartis 1997 
USEPA 2000a, USEPA 2000b 
USEPA 1993 


Foliar degradation, T½ 3.0 d, 4.0 d, 1.1 d (4.0 d used for model) USEPA 2000b 
Washoff 0.5 /cm rainfall assumed for model USEPA 2000b 
Aqueous hydrolysis, T½  12 d (pH 5), 138 d (pH 7), 77 d (pH 9) 


14 d (pH 5), 54.6 (pH 6), 70 d (pH 7), 54 d (pH 8) 
Novartis 1997, USEPA 2000a 
Novartis 1997 


Aerobic soil metabolism, T½  39.5 d, 31.2 d  
37 d, 39 d 
41.1 d used in model 


Novartis 1997 
USEPA 2000a 
USEPA 2000b 


Anaerobic soil metabolism, T½  17 d, 34.3 d (soil amended w/ glucose) 
82.2 d used in model 


Novartis 1997, USEPA 2000a 
USEPA 2000b 


Soil photolysis, T½  2.5 d (natural light) 
4.6 d (artificial light) 
20 hours (natural sunlight) 


Novartis 1997 
Novartis 1997 
USEPA 2000a 


Aqueous photolysis, T½  24.6 d (natural light) 
5.1 d (artificial light) 
15 d 
>26 d 
52.5 d 


Novartis 1997 
Novartis 1997 
Novartis 1997 
USEPA 2000a 
USEPA 2000b 


Aerobic aquatic metabolism, T½  82.2 d assumed for model  USEPA 2000b 
Anaerobic aquatic metabolism, T½  4.5 d (pH 5.01) 


164.4 d assumed for model 
Novartis 1997 
USEPA 2000b 


Field dissipation, T½  5 to 20 d (top 0-6 inch soil layer) USEPA 2000a 
 T½ = half-life  
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Table 2.  Monthly Rainfall (from 1990 to 2003) in cm 


                           
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual 


1990 15.36 7.70 5.67 0.84 5.66 0.00 0.00 0.15 0.49 4.37 2.39 4.80 47.43


1991 3.02 7.35 37.04 1.52 3.38 0.81 0.00 0.21 0.00 3.93 2.25 9.04 68.55


1992 6.34 20.79 11.54 6.41 0.08 3.05 0.00 0.00 0.00 6.54 1.32 15.40 71.47


1993 32.31 23.78 9.07 6.58 7.14 0.77 0.00 3.81 0.00 2.60 5.41 11.05 102.52


1994 6.42 15.59 1.85 3.45 3.27 0.00 0.00 0.00 0.00 2.16 13.45 16.85 63.04


1995 41.36 2.36 32.57 6.96 5.05 4.28 0.20 0.00 0.00 0.00 0.51 18.21 111.50


1996 14.73 17.01 6.53 9.50 10.65 0.00 0.00 0.00 1.08 6.56 6.99 26.44 99.49


1997 29.05 0.52 3.84 2.47 1.53 2.54 0.00 2.31 1.15 7.00 17.02 5.64 73.07


1998 30.22 36.45 11.18 7.52 10.66 1.95 0.00 0.00 0.51 5.71 18.11 7.02 129.33


1999 6.27 20.36 5.52 3.26 0.77 1.01 0.00 0.00 0.00 2.79 5.41 0.43 45.82


2000 14.91 29.36 13.36 4.83 2.79 1.91 0.00 0.00 0.00 5.51 1.63 3.12 77.42


2001 16.38 19.89 5.66 6.17 0.00 0.00 0.00 0.00 0.00 0.00 6.98 26.06 81.14


2002 11.12 3.25 8.66 3.28 6.81 0.00 0.00 0.00 0.00 0.00 8.99 32.00 74.11


2003 11.96 5.16 6.17 18.39 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 41.68


Average 17.10 14.97 11.33 5.80 4.13 1.17 0.01 0.46 0.23 3.37 6.46 12.58 77.61
              
Calculated from daily precipitation reported for Oroville, CA (NOAA 46521).    
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Table 3.  Simulated Maximum Annual Concentration of Diazinon in Main Drainage Canal and 
Laterals 


Main Drain North Middle South
Year Node 2 Node 118 Node 38 Node 36
1992 8.38 10.70 8.45 7.02
1993 11.70 17.80 19.50 15.20
1994 9.18 7.59 11.80 10.10
1995 6.94 4.66 5.06 16.50
1996 7.28 5.23 6.47 10.60
1997 4.32 3.97 17.30 2.16
1998 3.87 7.36 3.93 7.70
1999 5.03 15.80 18.60 4.91
2000 8.72 22.10 27.60 19.60
2001 0.96 4.27 0.34 6.20


Max. Annual Concentration in Water (ppb)
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Table 4.  Simulated Mass Loadings of Diazinon to Receiving Water System from Runoff, 
Subsurface and Drift Sources 


Year 
 


Mass 
(kg) 


 
Runoff 


(%) 


 
Subsurface


(%) 


 
Drift 
(%) 


     
1992 8.42 99.749% 0.126% 0.106% 
1993 15.76 98.076% 1.840% 0.085% 
1994 7.42 98.208% 1.694% 0.116% 
1995 12.35 99.210% 0.738% 0.058% 
1996 9.55 96.093% 3.780% 0.132% 
1997 5.64 99.802% 0.027% 0.161% 
1998 3.83 90.133% 9.714% 0.154% 
1999 7.98 97.687% 2.244% 0.065% 
2000 21.32 98.860% 1.109% 0.044% 
2001 1.98 99.699% 0.117% 0.186% 
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Table 5.  Summary of Aerial and Ground Designation in Source Data for Simulated Applications 


 Aerial  Ground  Watershed Mass 
App_ID Count Total Rate Count Total Rate Assigned Area Aerial Ground 


  (kg/ha)  (kg/ha) (ha) (kg) (kg) 
01 0 0.00000 18 7.09610 32.475 0.00 230.45 
02 0 0.00000 7 2.24023 56.094 0.00 125.66 
03 5 2.34111 11 3.55024 33.422 78.25 118.66 
04 0 0.00000 6 8.42940 25.150 0.00 212.00 
05 0 0.00000 9 3.68148 30.644 0.00 112.82 
06 7 4.69779 8 2.14912 0.000 0.00 0.00 
07 0 0.00000 3 2.60858 0.010 0.00 0.03 
08 4 9.16598 5 7.78139 19.218 176.15 149.54 
09 3 5.09267 0 0.00000 2.488 12.67 0.00 
10 15 8.33479 6 1.35459 82.128 684.52 111.25 
11 0 0.00000 2 1.09072 5.021 0.00 5.48 
12 0 0.00000 9 1.21373 38.957 0.00 47.28 
13 0 0.00000 9 2.66789 90.904 0.00 242.52 
14 0 0.00000 1 0.18251 18.640 0.00 3.40 
15 1 1.29964 1 1.29964 9.773 12.70 12.70 
16 4 2.46861 3 0.69456 43.678 107.82 30.34 
17 0 0.00000 1 1.49981 9.073 0.00 13.61 
18 2 2.64208 6 10.08926 14.044 37.11 141.69 
19 3 3.76211 10 8.23348 45.514 171.23 374.74 
20 1 0.29744 6 2.79824 64.814 19.28 181.37 
21 15 20.61006 6 2.76735 73.496 1514.76 203.39 
22 0 0.00000 8 9.71168 3.545 0.00 34.43 
23 7 12.99592 10 7.64723 43.553 566.02 333.06 
24 0 0.00000 7 5.08804 39.621 0.00 201.59 
25 11 1.63781 24 3.11085 112.493 184.24 349.95 
26 1 0.63314 1 0.50582 17.911 11.34 9.06 
27 0 0.00000 2 3.46946 19.611 0.00 68.04 
28 0 0.00000 3 7.73316 11.703 0.00 90.50 
29 8 6.23329 13 3.12492 116.628 726.97 364.45 
30 7 2.88950 4 0.78308 111.326 321.68 87.18 
31 10 8.19002 5 3.45049 109.083 893.39 376.39 
32 1 0.65967 3 1.95261 15.551 10.26 30.36 
33 2 0.72927 22 11.01808 19.150 13.97 210.99 
34 4 1.04866 15 19.53262 27.415 28.75 535.48 
35 1 0.26345 12 2.15326 0.878 0.23 1.89 
36 1 0.84655 3 2.72982 34.828 29.48 95.08 
37 0 0.00000 20 6.12707 114.129 0.00 699.28 
38 2 0.52839 4 2.06574 22.669 11.98 46.83 
39 4 4.11334 18 9.29978 12.906 53.09 120.02 
40 0 0.00000 19 3.00748 14.563 0.00 43.80 


Total Watershed 119  320  1543.104 5665.87 6015.29 
Aerial and ground designations are contained within the CADPR PUR database. 
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Table 6.  Application Conditions Simulated in Scenario Matrix 


Application 
Scenario


Applications per Year Rainfall 
Window


A 3/YR App at Max Rate No Restriction 
B 2/YR App at Max Rate No Restriction 
C 1/YR App at Max Rate No Restriction 
D 3/YR App at Max Rate 24Hr Window 
E 2/YR App at Max Rate 24Hr Window 
F 1/YR App at Max Rate 24Hr Window 
G 3/YR App at Max Rate 48Hr Window 
H 2/YR App at Max Rate 48Hr Window 
I 1/YR App at Max Rate 48Hr Window 
J 3/YR App at Max Rate 72Hr Window 
K 2/YR App at Max Rate 72Hr Window 
L 1/YR App at Max Rate 72Hr Window 


 
Rainfall window refers to management practice prohibiting application if rainfall is  
forecast within the designated period (e.g., within the next 24 hours)   
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Table 7.  Reduction Factors Used in Management Scenario  Matrix 


OPTION FRAC_
STRM 


FRAC_
DRFT 


FRAC_
APP 


RUN_
FRAC 


COMMENT 


0 1.00 0.05 1.00 1.00 100% Crop Treated 


1 1.00 0.05 0.50 1.00 50% Crop Treated 


2 1.00 0.05 0.25 1.00 25% Crop Treated 


3 1.00 0.05 1.00 0.489 10'VFS/100% Crop Treated  


4 1.00 0.05 0.50 0.489 10'VFS/50% Crop Treated 


5 1.00 0.05 0.25 0.489 10'VFS/25% Crop Treated 


6 1.00 0.05 1.00 .373 20'VFS/100% Crop Treated 


7 1.00 0.05 0.50 .373 20'VFS/50% Crop Treated 


8 1.00 0.05 0.25 .373 20'VFS/25% Crop Treated 


9 1.00 0.05 1.00 .177 50'VFS/100% Crop Treated 


10 1.00 0.05 0.50 .177 50'VFS/50% Crop Treated 


11 1.00 0.05 0.25 .177 50'VFS/25% Crop Treated 


12 1.00 0.05 1.00 0.67 50%InterRowCover/100% Crop Treated 


13 1.00 0.05 0.50 0.67 50%InterRowCover/50% Crop Treated 


14 1.00 0.05 0.25 0.67 50%InterRowCover/25% Crop Treated 


15 1.00 0.05 1.00 0.27 100%InterRowCover/100% Crop Treated 


16 1.00 0.05 0.50 0.27 100%InterRowCover/50% Crop Treated 


17 1.00 0.05 0.25 0.27 100%InterRowCover/25% Crop Treated 


18 1.0000 0.0322 0.5000 1.0000 Drift for Orchards, No Buffer/50% Crop Treated 


19 1.0000 0.0178 0.5000 1.0000 Drift for Orchards, 25’ buffer/50% Crop Treated 


20 1.0000 0.0123 0.5000 1.0000 Drift for Orchards, 50’ Buffer/50% Crop Treated 


21 1.0000 0.0076 0.5000 1.0000 Drift for Orchards, 100’ Buffer/50% Crop Treated 


22 2.0000 0.0322 0.5000 1.0000 Drift for Orchards, No Buffer, double surface area of 
streams/50% Crop Treated 


23 2.0000 0.0178 0.5000 1.0000 Drift for Orchards, 25’ buffer, double surface area of 
streams/50% Crop Treated 


24 2.0000 0.0123 0.5000 1.0000 Drift for Orchards, 50’ Buffer, double surface area of 
streams/50% Crop Treated 


25 2.0000 0.0076 0.5000 1.0000 Drift for Orchards, 100’ Buffer, double surface area of 
streams/50% Crop Treated 


FRAC_STRM:  Fraction of fields within drift receiving area 
FRAC_DRFT:  Fraction of application rate hitting water surface 
FRAC_APP:  Fraction of crop acreage treated. 
RUN_FRAC: Runoff/erosion reductions for VFS and inter-row vegetative filters 
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Table 8.  Diazinon Mass Loading to Water Across the Watershed over 10-Year Simulation 
Period (kg) 


Scenario A B C D E F G H I J K L 
0 1042 578.4 323.4 972 530.3 296.3 967.5 516.2 278.9 901.5 512.2 267.8
1 521 289.2 161.7 486 265.2 148.1 483.7 258.1 139.5 450.8 256.1 133.9
2 260.5 144.6 80.84 243 132.6 74.07 241.9 129.1 69.73 225.4 128.1 66.95
3 527.5 294.5 164.3 493.1 270.8 151 490.7 263.8 142.3 458.2 261.9 136.8
4 263.8 147.3 82.13 246.5 135.4 75.48 245.3 131.9 71.15 229.1 130.9 68.41
5 131.9 73.63 41.06 123.3 67.7 37.74 122.7 65.95 35.58 114.5 65.47 34.21
6 410.8 230.1 128.1 384.4 211.9 118 382.4 206.5 111.3 357.5 205 107.1
7 205.4 115 64.07 192.2 105.9 58.99 191.2 103.2 55.65 178.8 102.5 53.55
8 102.7 57.52 32.03 96.09 52.97 29.49 95.61 51.62 27.83 89.38 51.26 26.77
9 213.4 121.2 67.1 200.6 112.3 62.23 199.6 109.7 58.91 187.5 109 56.86


10 106.7 60.61 33.55 100.3 56.17 31.12 99.77 54.84 29.45 93.74 54.5 28.43
11 53.36 30.3 16.78 50.16 28.09 15.56 49.89 27.42 14.73 46.87 27.25 14.22
12 709.8 395.1 220.6 662.7 362.7 202.4 659.6 353.2 190.7 615.2 350.5 183.2
13 354.9 197.5 110.3 331.4 181.4 101.2 329.8 176.6 95.35 307.6 175.3 91.61
14 177.4 98.77 55.15 165.7 90.68 50.61 164.9 88.3 47.67 153.8 87.64 45.8
15 307.1 172.9 96.06 287.8 159.6 88.68 286.3 155.6 83.77 268.2 154.6 80.7
16 153.5 86.44 48.03 143.9 79.79 44.34 143.2 77.81 41.88 134.1 77.28 40.35
17 76.77 43.22 24.02 71.95 39.9 22.17 71.58 38.91 20.94 67.04 38.64 20.17
18 518 287.2 160.7 483 263.1 147.1 480.7 256.1 138.4 447.7 254.1 132.9
19 515.5 285.5 159.9 480.5 261.5 146.3 478.2 254.4 137.6 445.2 252.5 132.1
20 514.6 284.9 159.5 479.6 260.9 146 477.3 253.8 137.3 444.3 251.8 131.7
21 513.8 284.4 159.3 478.8 260.3 145.7 476.5 253.3 137 443.5 251.3 131.5
22 523.5 290.8 162.5 488.5 266.8 149 486.2 259.7 140.3 453.2 257.8 134.7
23 518.5 287.6 160.9 483.5 263.5 147.3 481.3 256.5 138.6 448.3 254.5 133.1
24 516.7 286.3 160.2 481.7 262.3 146.7 479.4 255.2 138 446.4 253.2 132.4
25 515.1 285.2 159.7 480.1 261.2 146.2 477.8 254.1 137.5 444.8 252.2 131.9


Scenario C2 approximates baseline conditions.  F5 approximates recent label management practices. 
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Table 9.  Upper 10th Centile Annual Maximum Concentration of Diazinon at Basin Outlet (ppb) 


 
Scenario A B C D E F G H I J K L 


0 83.0 72.5 33.4 81.8 67.7 32.4 83.1 63.8 33.8 81.8 63.4 36.6
1 41.5 36.2 16.7 40.9 33.8 16.2 41.5 31.9 16.9 40.9 31.7 18.3
2 20.7 18.1 8.4 20.4 16.9 8.1 20.8 16.0 8.5 20.4 15.8 9.2
3 40.7 35.7 16.4 40.3 33.8 15.9 40.6 31.2 16.6 41.1 31.0 18.0
4 20.3 17.8 8.2 20.2 16.9 8.0 20.3 15.6 8.3 20.5 15.5 9.0
5 10.2 8.9 4.1 10.1 8.5 4.0 10.2 7.8 4.2 10.3 7.8 4.5
6 31.1 27.3 12.5 30.9 26.1 12.2 31.0 23.8 12.7 31.8 23.6 13.7
7 15.5 13.7 6.2 15.5 13.1 6.1 15.5 11.9 6.4 15.9 11.8 6.9
8 7.8 6.8 3.1 7.7 6.5 3.0 7.8 6.0 3.2 8.0 5.9 3.4
9 14.9 13.2 5.9 15.0 13.2 5.9 14.7 11.3 6.1 16.9 11.2 6.6


10 7.4 6.6 3.0 7.5 6.6 2.9 7.4 5.7 3.1 8.5 5.6 3.3
11 3.7 3.3 1.5 3.8 3.3 1.5 3.7 2.8 1.5 4.2 2.8 1.7
12 55.7 48.7 22.4 55.0 45.8 21.7 55.7 42.8 22.7 55.5 42.5 24.6
13 27.8 24.4 11.2 27.5 22.9 10.9 27.8 21.4 11.4 27.8 21.2 12.3
14 13.9 12.2 5.6 13.8 11.4 5.4 13.9 10.7 5.7 13.9 10.6 6.1
15 22.6 19.9 9.0 22.6 19.3 8.9 22.4 17.2 9.2 23.6 17.1 10.0
16 11.3 10.0 4.5 11.3 9.6 4.4 11.2 8.6 4.6 11.8 8.6 5.0
17 5.6 5.0 2.3 5.7 4.8 2.2 5.6 4.3 2.3 5.9 4.3 2.5
18 41.4 36.2 16.7 40.9 33.8 16.2 41.5 31.9 16.9 40.9 31.7 18.3
19 41.4 36.2 16.7 40.8 33.8 16.2 41.5 31.9 16.9 40.9 31.7 18.3
20 41.4 36.2 16.7 40.8 33.8 16.2 41.5 31.9 16.9 40.9 31.7 18.3
21 41.4 36.2 16.7 40.8 33.8 16.2 41.5 31.9 16.9 40.9 31.7 18.3
22 41.5 36.3 16.7 40.9 33.8 16.2 41.5 31.9 16.9 40.9 31.7 18.3
23 41.5 36.2 16.7 40.9 33.8 16.2 41.5 31.9 16.9 40.9 31.7 18.3
24 41.4 36.2 16.7 40.9 33.8 16.2 41.5 31.9 16.9 40.9 31.7 18.3
25 41.4 36.2 16.7 40.8 33.8 16.2 41.5 31.9 16.9 40.9 31.7 18.3


Scenario C2 approximates baseline conditions.  F5 approximates recent label management practices. 
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Figure 1. Map of California, Sacramento River Watershed, and the Main Drainage Canal Watershed within Butte County, 


California 
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Figure 2. Model Configuration Flow Chart 
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Figure 3. Sub-Watersheds and Link Node network – Model Representation of Main Drainage Canal Watershed. 
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Figure 4. Soils – Digitized from NRCS Preliminary Mapping (no published soil survey in print) 


Soil ID Name Low High Low High Low High Low High
120 Gridley C CL 15 30 27 35 1.35 1.50 0.32 1.0 3.0
121 Boga B L 25 40 18 27 1.45 1.55 0.37 1.0 2.0
121 Loemstone C L 25 40 18 27 1.45 1.55 0.37 1.0 2.0
124 Liveoak B SCL 50 65 20 25 1.45 1.55 0.17 2.0 5.0
125 Gridley C L 40 50 18 27 1.40 1.50 0.37 1.0 3.0
125 Oquin B SL 60 70 10 18 1.10 1.50 0.24 1.0 2.0
126 Liveoak B SL 60 75 15 20 1.50 1.60 0.20 2.0 5.0
127 Gridley C L 40 50 18 27 1.40 1.50 0.37 1.0 3.0
130 San Joaquin D L 25 40 15 27 1.50 1.60 0.37 0.5 1.0
136 San Joaquin D FSL 50 60 15 20 1.45 1.55 0.32 0.5 1.0
136 Arents D CL 20 30 28 40 1.40 1.50 0.32 1.0 2.0
400 Subaco D C 5 25 40 60 NA NA 0.24 1.0 3.0
416 NO DATA NA NA NA NA NA NA NA NA NA NA NA
500 Lofgren D C 5 20 60 70 1.20 1.40 0.20 2.0 3.0
500 Blavo D C 5 20 60 65 1.20 1.40 0.20 2.0 3.0
520 Esquon D SIC 5 20 40 55 1.15 1.25 0.20 2.0 3.0
520 Neerdobe D C 5 20 40 55 1.15 1.25 0.20 2.0 3.0
603 Redding D GR-SL 65 75 10 20 1.50 1.60 0.20 0.5 2.0
603 Arbuckle B GR-SL 50 65 10 20 1.50 1.60 0.20 0.5 1.0
603 Exeter C FSL 50 65 10 20 1.50 1.60 0.32 0.0 1.0
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Soil Group
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Texture
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Sand Clay Bulk Density Organic Matter
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Figure 5. All Land Use Attributes in Main Drainage Canal Watershed from California Department of Water Resources 1994 


Butte County Land Use Survey. 
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Figure 6. Grouped Land Use Data for Model Configuration in Main Drainage Canal Watershed from California 


Department of Water Resources 1994 Butte County Land Use Survey. 
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Figure 7. Applications – 1994-2001 – PUR cells with applications shown.  Table shows crops and amounts in each COMTRS 


area. 


COMTRS and Crop 1994-2001 Diazinon COMTRS and Crop 1994-2001 Diazinon COMTRS and Crop 1994-2001 Diazinon
Applications Applications Applications


(total Pounds) (total Pounds) (total Pounds)
04M17N02E01 PEACH 359.4 04M18N02E26 PRUNE 3075.5 04M18N03E18 PRUNE 441.7
04M17N02E01 WALNUT 38.0 04M18N02E34 PEACH 40.1 04M18N03E19 PRUNE 2084.7
04M17N02E02 PEACH 302.6 04M18N02E34 PRUNE 1233.4 04M18N03E20 PRUNE 189.0
04M17N02E02 PRUNE 277.0 04M18N02E35 PEACH 159.4 04M18N03E29 PEACH 699.0
04M17N02E02 WALNUT 329.6 04M18N02E35 PRUNE 679.5 04M18N03E29 PRUNE 2563.8
04M17N02E03 PEACH 260.5 04M18N02E36 WALNUT 150.0 04M18N03E29 WALNUT 459.0
04M17N02E03 PRUNE 213.8 04M18N03E05 ALMOND 170.0 04M18N03E30 PEACH 209.6
04M17N02E10 PEACH 227.0 04M18N03E05 WALNUT 616.6 04M18N03E30 PRUNE 1224.5
04M17N02E10 PRUNE 759.4 04M18N03E07 PEACH 75.0 04M18N03E31 PEACH 166.4
04M17N02E10 WALNUT 440.4 04M18N03E07 PRUNE 1621.3 04M18N03E31 PRUNE 1048.4
04M18N02E11 PRUNE 478.1 04M18N03E08 ALMOND 102.5
04M18N02E12 PEACH 11.9 04M18N03E08 PRUNE 735.4
04M18N02E12 PRUNE 1692.0 04M18N03E08 WALNUT 610.6
04M18N02E12 WALNUT 10.0 04M18N03E17 PRUNE 556.9
04M18N02E13 PRUNE 44.0
04M18N02E13 WALNUT 248.5
04M18N02E14 PRUNE 7.5
04M18N02E23 PRUNE 56.0
04M18N02E24 PRUNE 304.6
04M18N02E25 PEACH 311.2
04M18N02E25 PRUNE 943.1
04M18N02E25 WALNUT 359.8
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Figure 8. Unique Model Input Intersect: Soil, Application Data, and General Landuse in addition to Sub-Watersheds and 


Link Node Network (with monitoring locations designated) 
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2001 North Lateral (Node 118) 2001 Middle Lateral (Node 38)
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Figure 9. Calibration Results for Year 2001 
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2001 South Lateral (Node 36) 2001 Main Drainage Canal (Node 2)
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Figure 9. Calibration Results for Year 2001 (continued) 
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Main Drainage Canal (Node 2) Predicted and Observed Diazinon Concentrations
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Figure 10. Calibration Results for Years 1994, 2000, and 2001
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Main Drainage Canal (Node 2) Predicted (1992-2001) Flow and Diazinon Concentrations
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Figure 11. Predicted Streamflow and Diazinon Concentration in Main Drainage Canal for 


Simulation Periods 1992-2001. 
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Figure 12. Aquatic Loadings of Diazinon by Sub-Watershed for Simulation Year 2001 
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Management Scenario Results 
10th Centile Concentration
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Baseline approximates pre-2004 label practices, apps=number of applications, x-hr rain=rainfall 
restriction window, % crop= % of crop treated, VFS=width of vegetative filter, IRF=percent 
coverage of inter-row vegetative filter, Drift=setback distance, New label = suite of management 
factors on 2004 supplemental label    
 
Figure 13. Comparison of upper 10th centile concentrations for select management 


practices. 
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APPENDIX A 
PRZM Input Parameter Values, Sources, And Rationale 
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A-1.  PRZM Input Parameters for Simulations 
PARAMETER PRZM-3.12 


VARIABLE VALUE USED SOURCE/RATIONALE 


Simulation Start Date ISDAY, ISMON, ISTYR 01-Jan-92 Beginning of met. Data (Years Vary) 
Simulation End Date IEDAY, IEMON, IEYR 31-Dec-01 End of met. Data (Years Vary) 
    
Hydrologic Data    
    
Precipitation (cm) PRECIP Daily Values Met. Station 
Air Temperature (deg. C) TEMP Daily avg. Met. Station 
Pan Factor PFAC 0.74 PRZM Manual, Site Location 
Snow Factor (cm/degree C) SFAC 0.00 PRZM Manual, Site Location 
Pan Evaporation Flag IPEIND 4 Pan Evaporation not Available 
Evaporation Extraction, Minimum Depth (cm) ANETD 17.5 PRZM Manual, Site Location 
Crop Condition (initial) ISCOND 1 Fallow 


Daylight per month (avg. hours) DT 9.8, 10.7, 12.0, 13.3, 14.4, 14.9 
14.7, 13.7, 12.5, 11.1, 10.0, 9.5 PRZM Manual, Site Location 


Erosion ERFLAG 4 Erosion simulated  


All Erosion Parameters  Variable Variable by Soil or Landuse/Crop 
Area Parameters set for a unit area 


    
Crop Data    
    
Crop Emergence Date EMD,EMM,IYREM Variable Crop/Landuse 
Crop Maturation Date MAD,MAM,IYRMAT Variable Crop/Landuse 
Crop Harvest Date HAD,HAM,IYRHAR Variable Crop/Landuse 
Maximum Interception Storage (cm) CINTCP Variable Crop/Landuse 
Maximum Active Root Depth (cm) AMXDR Variable Crop/Landuse 
Maximum Areal Coverage (%) COVMAX Variable Crop/Landuse 
Soil Surface Condition After Harvest ICNAH 1 Left Alone 
Runoff Curve Number for AM-II CN Variable Crop/Landuse 
(fallow, crop, residue)    
Max. Dry Weight of Crop WFMAX 0 (NA) Only Required if CAM = 3 
Max. Canopy Height HTMAX Variable Crop/Landuse 
    
Pesticide Application Data    
    
Number of Applications NAPS Variable Application Database, derived from PUR 
Flag for Bi-Phase Half-life DKFLG2 0 Bi-Phase Not Used 
Application Date APD,APM,IAPYR Variable Application Database, derived from PUR 
Chemical Application Model CAM 2 Foliar Applied 
Incorporation Depth (cm) DEPI 0 Default Depth Used 
Target Application Rate (kg/ha per appl.) TAPP Variable Application Database, derived from PUR 
Application Efficiency APPEFF 1.00 Assume 100% Efficiency 
Spray Drift (fraction) DRFT 0.00 Addressed in post-processor 
Disposition of Foliar Pesticide after Harvest IPSCND 3 EFED PRZM Input Guidelines 
    
Pesticide Fate Data    
    
Soil Type STITLE Variable Run Database: Crop 
Soil-Water Adsorption Coeff. (Kd ml/gm) KD (Koc*OC/100) Koc = 758 cc/g (USEPA, 2000b) 


Decay Rate, Dissolved (/day)-Phase 1 DWRATE 


0-0.2 cm: Eff (Photolysis and 
Aerobic)-0.8485 
0.2-10 cm Aerobic-0.01686 
10-Bottom of the core, 
Anaerobic-0.00843 


Photolysis – 20 Hours 
Aerobic – 41.1 days 
Anaerobic – 82.2 Days  
USEPA, 2000b 


Decay Rate, Adsorbed (/day)-Phase 1 DSRATE Same as DWRATE  
Plant Uptake Efficiency Factor UPTKF 0 EFED PRZM Input Guidelines 


Foliar Decay Rate (/day) PLDKRT 0.17329 4 Days, USEPA, 2000 
b 


Foliar Extraction Coefficient for Washoff FEXTRC 0.5 USEPA Guidelines 
(per cm precipitation)    
    
Irrigation Data    
    
Irrigation Flag IRFLAG 2 Crop Periods 
Type of Irrigation IRTYP 5 Custom (Prevents runoff caused by excessive irrigation) 
Leaching Factor FLEACH 0.00  
Water Capacity Fraction for Irrigation PCDEPL 0.50 Professional Judgment 
Maximum Rate (cm/hr) RATEAP 0.150 Professional Judgment 
    
Soils Data    
    
Number of Horizons NHORIZ Variable Run Database: Soil (STATSGO) 
Total Depth of Soil Core (cm) CORED Variable Run Database: Soil (STATSGO) 
Horizon Thickness (cm) THKNS Variable Run Database: Soil (STATSGO) 
Layer Thickness (cm) DPN Variable Run Database: Soil (STATSGO) 
Bulk Density (g/cm3) BD Variable Run Database: Soil (STATSGO) 
Field Capacity (cm3/cm3) THEFC Variable Run Database: Soil (STATSGO) 
Wilting Point (cm3/cm3) THEWP Variable Run Database: Soil (STATSGO) 
Initial Soil Moisture (cm3/cm3) THETO Variable Run Database: Soil (STATSGO) 
Organic Carbon (%) OC Variable Run Database: Soil (STATSGO) 
Hydrodynamic Dispersion (cm2/day) DISP -- Not used 
Soil Drainage Parameter (1/day) AD -- Not used 
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A-2.  Soil Parameters 


Soil Name Soil 
Number 


Core 
Depth 
(cm) 


Bulk Density 
(g/cm3) 


Initial Soil 
Moisture 


(cm3 cm-3) 


Field Capacity 
 (cm3 cm-3) 


Wilting Point 
(cm3 cm-3) 


Organic 
Carbon 


(percent) 


Hydrologic 
Soil Group


Gridley 120 55 


1.430 
1.430 
1.430 
1.380 


0.401 
0.401  
0.401  
0.411 


0.401  
0.401  
0.401  
0.411 


0.211 
0.211 
0.211 
0.251 


1.160 
1.160 
1.160 
0.000 


C 


Boga 121 205 


1.500 
1.500 
1.500 
1.480 
1.480 
1.480 
1.600 


0.334  
0.334  
0.334  
0.355  
0.392  
0.378  
0.197 


0.334  
0.334  
0.334  
0.355  
0.392  
0.378  
0.197 


0.164 
0.164 
0.164 
0.165 
0.192 
0.178 
0.117 


0.870 
0.870 
0.870 
0.290 
0.290 
0.290 
0.290 


B 


Liveoak 124 150 


1.500 
1.500 
1.500 
1.530 
1.630 


0.349  
0.349  
0.349  
0.289 
0.176 


0.349  
0.349  
0.349  
0.289  
0.176 


0.179 
0.179 
0.179 
0.149 
0.076 


2.030 
2.030 
2.030 
0.870 
0.290 


B 


Liveoak 126 190 


1.550 
1.550 
1.550 
1.530 
1.630 


0.272  
0.272  
0.272  
0.289  
0.176 


0.272  
0.272 
 0.272  
0.289  
0.176 


0.152 
0.152 
0.152 
0.149 
0.076 


2.030 
2.030 
2.030 
0.870 
0.290 


B 


Gridley 127 55 


1.450 
1.450 
1.450 
1.380 


0.317  
0.317  
0.317  
0.411 


0.317  
0.317 
0.317  
0.411 


0.167 
0.167 
0.167 
0.251 


1.160 
1.160 
1.160 
0.000 


C 


San Joaquin 130 70 


1.550 
1.550 
1.550 
1.550 
1.580 


0.296  
0.296  
0.296  
0.323  
0.286 


0.296  
0.296  
0.296  
0.323  
0.286 


0.146 
0.146 
0.146 
0.153 
0.236 


0.464 
0.464 
0.464 
0.174 
0.174 


D 


San Joaquin 136 80 


1.500 
1.500 
1.500 
1.550 
1.580 


0.245  
0.245  
0.245  
0.313  
0.286 


0.245  
0.245  
0.245  
0.313  
0.286 


0.125 
0.125 
0.125 
0.143 
0.236 


0.464 
0.464 
0.464 
0.174 
0.174 


D 


Subaco 400 85 


1.267 
1.267 
1.267 
1.400 


0.451  
0.451  
0.451  
0.424 


0.451  
0.451  
0.451  
0.424 


0.301 
0.301 
0.301 
0.274 


1.160 
1.160 
1.160 
0.000 


D 


Lofgren 500 110 


1.300 
1.300 
1.300 
1.400 
1.300 
1.300 


0.523  
0.523  
0.523  
0.495  
0.489  
0.415 


0.523  
0.523  
0.523  
0.495  
0.489  
0.415 


0.373 
0.373 
0.373 
0.365 
0.339 
0.225 


1.450 
1.450 
1.450 
1.160 
0.870 
0.290 


D 


Esquon 520 140 


1.200 
1.200 
1.200 
1.350 
1.200 


0.450  
0.450 
 0.450  
0.435  
0.401 


0.450  
0.450  
0.450  
0.435  
0.401 


0.300 
0.300 
0.300 
0.285 
0.211 


1.450 
1.450 
1.450 
0.870 
0.174 


D 
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A-3.  Hydrologic Soil Group/Curve Numbers/Evapotranspiration Parameters 
 ET Parameters  Curve Numbers 
Crop/Landuse KCINIT KCMID KCLATE KCMAX REW HGRP CN1 CN2 CN3 


0.75 1.10 0.80 1.15 1.00 B 74 74 74 
0.75 1.10 0.80 1.15 1.00 C 84 84 84 Tree Fruit 
0.75 1.10 0.80 1.15 1.00 D 94 94 94 
0.40 1.05 0.60 1.10 1.00 B 74 74 74 
0.40 1.05 0.60 1.10 1.00 C 84 84 84 Tree Nuts 
0.40 1.05 0.60 1.10 1.00 D 94 94 94 
0.15 1.10 0.25 1.15 1.00 B 86 75 81 
0.15 1.10 0.25 1.15 1.00 C 91 82 87 Row Crops 
0.15 1.10 0.25 1.15 1.00 D 94 84 89 
0.75 0.80 0.80 0.85 1.00 B 79 79 79 
0.75 0.80 0.80 0.85 1.00 C 85 85 85 


Residential/ 
Commercial 


0.75 0.80 0.80 0.85 1.00 D 88 88 88 
0.20 0.85 0.60 0.90 1.00 B 44 44 44 
0.20 0.85 0.60 0.90 1.00 C 60 60 60 


Forests/ 
Shrubland 


0.20 0.85 0.60 0.90 1.00 D 66 66 66 
0.30 0.90 0.80 0.95 1.00 B 59 59 59 
0.30 0.90 0.80 0.95 1.00 C 70 70 70 


Grass/Pasture/ 
Hay 


0.30 0.90 0.80 0.95 1.00 D 74 74 74 
1.00 1.15 0.70 1.20 1.00 B 20 20 20 
1.00 1.15 0.70 1.20 1.00 C 20 20 20 Rice 
1.00 1.15 0.70 1.20 1.00 D 20 20 20 
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A-4.  PRZM Input Parameters – Crop/Landuse Parameters 
Crop/Landuse1 Crop Dates Growth Stage PRZM Crop Parameters 


 Emm. Maturity Harvest 10% 60% CINTCP AMXDR COVMAX HTMAX


Tree Fruit 
(Gridley, C) 19-Feb 9-Apr 30-Nov 7-Mar 20-Mar 0.2 55.0 80.0 760.0 


Tree Fruit (Boga, 
B) 19-Feb 9-Apr 30-Nov 7-Mar 20-Mar 0.2 200.0 80.0 760.0 


Tree Fruit (Live 
Oak, B) 19-Feb 9-Apr 30-Nov 7-Mar 20-Mar 0.2 150.0 80.0 760.0 


Tree Fruit (Live 
Oak, B) 19-Feb 9-Apr 30-Nov 7-Mar 20-Mar 0.2 190.0 80.0 760.0 


Tree Fruit 
(Gridley, C) 19-Feb 9-Apr 30-Nov 7-Mar 20-Mar 0.2 55.0 80.0 760.0 


Tree Fruit (San 
Joaquin, D) 19-Feb 9-Apr 30-Nov 7-Mar 20-Mar 0.2 70.0 80.0 760.0 


Tree Fruit (San 
Joaquin, D) 19-Feb 9-Apr 30-Nov 7-Mar 20-Mar 0.2 80.0 80.0 760.0 


Tree Fruit 
(Esquon, D) 19-Feb 9-Apr 30-Nov 7-Mar 20-Mar 0.2 140.0 80.0 760.0 


Tree Nuts (Boga, 
B) 14-Mar 31-May 30-Nov 7-Apr 1-May 0.2 205.0 80.0 860.0 


Tree Nuts (Live 
Oak, B) 14-Mar 31-May 30-Nov 7-Apr 1-May 0.2 190.0 80.0 860.0 


Tree Nuts (Gridley 
C) 14-Mar 31-May 30-Nov 7-Apr 1-May 0.2 55.0 80.0 860.0 


Tree Nuts (San 
Joaquin, D) 14-Mar 31-May 30-Nov 7-Apr 1-May 0.2 70.0 80.0 860.0 


Tree Nuts 
(Esquon, D) 14-Mar 31-May 30-Nov 7-Apr 1-May 0.2 140.0 80.0 860.0 


Row Crop 1-Feb 9-Jul 9-Aug 9-Feb 21-Apr 0.1 20.0 80.0 50.0 


Residential/ 
Commercial 1-Jan 30-Dec 31-Dec 9-Jan 1-Jul 0.1 25.0 50.0 10.0 


Forests/ 
Shrubland 1-Jan 30-Dec 31-Dec 9-Jan 1-Jul 0.2 55.0 50.0 50.0 


Grass/Pasture/ 
Hay 1-Jan 30-Dec 31-Dec 9-Jan 1-Jul 0.1 25.0 95.0 10.0 


Rice 5-Mar 13-Aug 23-Aug 22-May 29-June 0.15 22.0 90.0 61.0 


 1 Soil name and hydrologic soil group (Hydgrp) in parentheses for tree fruit and tree nuts crops. 
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APPENDIX B 


Expanded Description of Unique PRZM Simulations 
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Unique Model Model Soil Soil Hydrologic Application Application PUR Cell and Crop 


Run Crop Crop Link Name Soil Link  


ID ID Description   Group  


FS120N00 FS Forests/Shrubland 120 Gridley C 00   
FS121N00 FS Forests/Shrubland 121 Boga B 00   
FS124N00 FS Forests/Shrubland 124 Liveoak B 00   
FS126N00 FS Forests/Shrubland 126 Liveoak B 00   
FS127N00 FS Forests/Shrubland 127 Gridley C 00   
FS130N00 FS Forests/Shrubland 130 San Joaquin D 00   
FS136N00 FS Forests/Shrubland 136 San Joaquin D 00   
FS500N00 FS Forests/Shrubland 500 Lofgren D 00   
FS520N00 FS Forests/Shrubland 520 Esquon D 00   
GH120N00 GH Grass/Pasture/Hay 120 Gridley C 00   
GH121N00 GH Grass/Pasture/Hay 121 Boga B 00   
GH124N00 GH Grass/Pasture/Hay 124 Liveoak B 00   
GH126N00 GH Grass/Pasture/Hay 126 Liveoak B 00   
GH127N00 GH Grass/Pasture/Hay 127 Gridley C 00   
GH130N00 GH Grass/Pasture/Hay 130 San Joaquin D 00   
GH136N00 GH Grass/Pasture/Hay 136 San Joaquin D 00   
GH400N00 GH Grass/Pasture/Hay 400 Subaco D 00   
GH500N00 GH Grass/Pasture/Hay 500 Lofgren D 00   
GH520N00 GH Grass/Pasture/Hay 520 Esquon D 00   
RC120N00 RC Row Crop 120 Gridley C 00   
RC121N00 RC Row Crop 121 Boga B 00   
RC124N00 RC Row Crop 124 Liveoak B 00   
RC126N00 RC Row Crop 126 Liveoak B 00   
RC127N00 RC Row Crop 127 Gridley C 00   
RC400N00 RC Row Crop 400 Subaco D 00   
RC500N00 RC Row Crop 500 Lofgren D 00   
RC520N00 RC Row Crop 520 Esquon D 00   
RI120N00 RI Rice 120 Gridley C 00   
RI121N00 RI Rice 121 Boga B 00   
RI124N00 RI Rice 124 Liveoak B 00   
RI126N00 RI Rice 126 Liveoak B 00   
RI127N00 RI Rice 127 Gridley C 00   
RI130N00 RI Rice 130 San Joaquin D 00   
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Unique Model Model Soil Soil Hydrologic Application Application PUR Cell and Crop 


Run Crop Crop Link Name Soil Link  


ID ID Description   Group  


RI136N00 RI Rice 136 San Joaquin D 00   
RI500N00 RI Rice 500 Lofgren D 00   
RI520N00 RI Rice 520 Esquon D 00   
RS120N00 RS Residential/Commercial 120 Gridley C 00   
RS121N00 RS Residential/Commercial 121 Boga B 00   
RS124N00 RS Residential/Commercial 124 Liveoak B 00   
RS126N00 RS Residential/Commercial 126 Liveoak B 00   
RS127N00 RS Residential/Commercial 127 Gridley C 00   
RS130N00 RS Residential/Commercial 130 San Joaquin D 00   
RS136N00 RS Residential/Commercial 136 San Joaquin D 00   
RS500N00 RS Residential/Commercial 500 Lofgren D 00   
RS520N00 RS Residential/Commercial 520 Esquon D 00   
TF120Y23 TF Tree Fruit 120 Gridley C 23 04M18N02E34 PRUNE 
TF121N00 TF Tree Fruit 121 Boga B 00   
TF121Y08 TF Tree Fruit 121 Boga B 08 04M18N02E11 PRUNE 
TF121Y09 TF Tree Fruit 121 Boga B 09 04M18N02E12 PEACH 
TF121Y10 TF Tree Fruit 121 Boga B 10 04M18N02E12 PLUM (INCLUDES WILD PLUMS FOR H.C.) 
TF121Y12 TF Tree Fruit 121 Boga B 12 04M18N02E13 PRUNE 
TF121Y14 TF Tree Fruit 121 Boga B 14 04M18N02E14 PRUNE 
TF121Y15 TF Tree Fruit 121 Boga B 15 04M18N02E23 PRUNE 
TF121Y16 TF Tree Fruit 121 Boga B 16 04M18N02E24 PRUNE 
TF121Y18 TF Tree Fruit 121 Boga B 18 04M18N02E25 PEACH 
TF121Y19 TF Tree Fruit 121 Boga B 19 04M18N02E25 PRUNE 
TF121Y29 TF Tree Fruit 121 Boga B 29 04M18N03E07 PRUNE 
TF121Y30 TF Tree Fruit 121 Boga B 30 04M18N03E18 PRUNE 
TF121Y31 TF Tree Fruit 121 Boga B 31 04M18N03E19 PRUNE 
TF121Y32 TF Tree Fruit 121 Boga B 32 04M18N03E20 PRUNE 
TF121Y33 TF Tree Fruit 121 Boga B 33 04M18N03E29 NECTARINE 
TF121Y34 TF Tree Fruit 121 Boga B 34 04M18N03E29 PRUNE 
TF121Y36 TF Tree Fruit 121 Boga B 36 04M18N03E30 PEACH 
TF121Y37 TF Tree Fruit 121 Boga B 37 04M18N03E30 PRUNE 
TF121Y38 TF Tree Fruit 121 Boga B 38 04M18N03E31 PEACH 
TF121Y39 TF Tree Fruit 121 Boga B 39 04M18N03E31 PRUNE 
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Unique Model Model Soil Soil Hydrologic Application Application PUR Cell and Crop 


Run Crop Crop Link Name Soil Link  


ID ID Description   Group  


TF124Y04 TF Tree Fruit 124 Liveoak B 04 04M17N02E03 PEACH 
TF124Y05 TF Tree Fruit 124 Liveoak B 05 04M17N02E03 PRUNE 
TF124Y21 TF Tree Fruit 124 Liveoak B 21 04M18N02E26 PRUNE 
TF124Y25 TF Tree Fruit 124 Liveoak B 25 04M18N02E35 PRUNE 
TF126N00 TF Tree Fruit 126 Liveoak B 00   
TF126Y01 TF Tree Fruit 126 Liveoak B 01 04M17N02E02 PEACH 
TF126Y02 TF Tree Fruit 126 Liveoak B 02 04M17N02E02 PRUNE 
TF126Y04 TF Tree Fruit 126 Liveoak B 04 04M17N02E03 PEACH 
TF126Y09 TF Tree Fruit 126 Liveoak B 09 04M18N02E12 PEACH 
TF126Y10 TF Tree Fruit 126 Liveoak B 10 04M18N02E12 PLUM (INCLUDES WILD PLUMS FOR H.C.) 
TF126Y12 TF Tree Fruit 126 Liveoak B 12 04M18N02E13 PRUNE 
TF126Y18 TF Tree Fruit 126 Liveoak B 18 04M18N02E25 PEACH 
TF126Y23 TF Tree Fruit 126 Liveoak B 23 04M18N02E34 PRUNE 
TF126Y24 TF Tree Fruit 126 Liveoak B 24 04M18N02E35 PEACH 
TF126Y25 TF Tree Fruit 126 Liveoak B 25 04M18N02E35 PRUNE 
TF126Y28 TF Tree Fruit 126 Liveoak B 28 04M18N03E07 PEACH 
TF126Y29 TF Tree Fruit 126 Liveoak B 29 04M18N03E07 PRUNE 
TF126Y30 TF Tree Fruit 126 Liveoak B 30 04M18N03E18 PRUNE 
TF127N00 TF Tree Fruit 127 Gridley C 00   
TF127Y01 TF Tree Fruit 127 Gridley C 01 04M17N02E02 PEACH 
TF127Y02 TF Tree Fruit 127 Gridley C 02 04M17N02E02 PRUNE 
TF127Y04 TF Tree Fruit 127 Gridley C 04 04M17N02E03 PEACH 
TF127Y05 TF Tree Fruit 127 Gridley C 05 04M17N02E03 PRUNE 
TF127Y06 TF Tree Fruit 127 Gridley C 06 04M17N02E10 PRUNE 
TF127Y08 TF Tree Fruit 127 Gridley C 08 04M18N02E11 PRUNE 
TF127Y10 TF Tree Fruit 127 Gridley C 10 04M18N02E12 PLUM (INCLUDES WILD PLUMS FOR H.C.) 
TF127Y12 TF Tree Fruit 127 Gridley C 12 04M18N02E13 PRUNE 
TF127Y14 TF Tree Fruit 127 Gridley C 14 04M18N02E14 PRUNE 
TF127Y15 TF Tree Fruit 127 Gridley C 15 04M18N02E23 PRUNE 
TF127Y16 TF Tree Fruit 127 Gridley C 16 04M18N02E24 PRUNE 
TF127Y18 TF Tree Fruit 127 Gridley C 18 04M18N02E25 PEACH 
TF127Y19 TF Tree Fruit 127 Gridley C 19 04M18N02E25 PRUNE 
TF127Y21 TF Tree Fruit 127 Gridley C 21 04M18N02E26 PRUNE 
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Unique Model Model Soil Soil Hydrologic Application Application PUR Cell and Crop 


Run Crop Crop Link Name Soil Link  


ID ID Description   Group  


TF127Y22 TF Tree Fruit 127 Gridley C 22 04M18N02E34 PEACH 
TF127Y23 TF Tree Fruit 127 Gridley C 23 04M18N02E34 PRUNE 
TF127Y24 TF Tree Fruit 127 Gridley C 24 04M18N02E35 PEACH 
TF127Y25 TF Tree Fruit 127 Gridley C 25 04M18N02E35 PRUNE 
TF127Y31 TF Tree Fruit 127 Gridley C 31 04M18N03E19 PRUNE 
TF127Y32 TF Tree Fruit 127 Gridley C 32 04M18N03E20 PRUNE 
TF127Y33 TF Tree Fruit 127 Gridley C 33 04M18N03E29 NECTARINE 
TF127Y34 TF Tree Fruit 127 Gridley C 34 04M18N03E29 PRUNE 
TF127Y36 TF Tree Fruit 127 Gridley C 36 04M18N03E30 PEACH 
TF127Y37 TF Tree Fruit 127 Gridley C 37 04M18N03E30 PRUNE 
TF127Y38 TF Tree Fruit 127 Gridley C 38 04M18N03E31 PEACH 
TF130Y31 TF Tree Fruit 130 San Joaquin D 31 04M18N03E19 PRUNE 
TF136N00 TF Tree Fruit 136 San Joaquin D 00   
TF136Y29 TF Tree Fruit 136 San Joaquin D 29 04M18N03E07 PRUNE 
TF136Y31 TF Tree Fruit 136 San Joaquin D 31 04M18N03E19 PRUNE 
TF136Y32 TF Tree Fruit 136 San Joaquin D 32 04M18N03E20 PRUNE 
TF520Y08 TF Tree Fruit 520 Esquon D 08 04M18N02E11 PRUNE 
TF520Y10 TF Tree Fruit 520 Esquon D 10 04M18N02E12 PLUM (INCLUDES WILD PLUMS FOR H.C.) 
TF520Y14 TF Tree Fruit 520 Esquon D 14 04M18N02E14 PRUNE 
TF520Y15 TF Tree Fruit 520 Esquon D 15 04M18N02E23 PRUNE 
TF520Y16 TF Tree Fruit 520 Esquon D 16 04M18N02E24 PRUNE 
TF520Y21 TF Tree Fruit 520 Esquon D 21 04M18N02E26 PRUNE 
TF520Y28 TF Tree Fruit 520 Esquon D 28 04M18N03E07 PEACH 
TF520Y29 TF Tree Fruit 520 Esquon D 29 04M18N03E07 PRUNE 
TF520Y30 TF Tree Fruit 520 Esquon D 30 04M18N03E18 PRUNE 
TF520Y31 TF Tree Fruit 520 Esquon D 31 04M18N03E19 PRUNE 
TN121N00 TN Tree Nuts 121 Boga B 00   
TN121Y11 TN Tree Nuts 121 Boga B 11 04M18N02E12 WALNUT (ENGLISH WALNUT, PERSIAN WALNUT) 
TN121Y13 TN Tree Nuts 121 Boga B 13 04M18N02E13 WALNUT (ENGLISH WALNUT, PERSIAN WALNUT) 
TN121Y17 TN Tree Nuts 121 Boga B 17 04M18N02E24 WALNUT (ENGLISH WALNUT, PERSIAN WALNUT) 
TN121Y20 TN Tree Nuts 121 Boga B 20 04M18N02E25 WALNUT (ENGLISH WALNUT, PERSIAN WALNUT) 
TN121Y35 TN Tree Nuts 121 Boga B 35 04M18N03E29 WALNUT (ENGLISH WALNUT, PERSIAN WALNUT) 
TN121Y40 TN Tree Nuts 121 Boga B 40 04M18N03E31 WALNUT (ENGLISH WALNUT, PERSIAN WALNUT) 
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Unique Model Model Soil Soil Hydrologic Application Application PUR Cell and Crop 


Run Crop Crop Link Name Soil Link  


ID ID Description   Group  


TN126Y03 TN Tree Nuts 126 Liveoak B 03 04M17N02E02 WALNUT (ENGLISH WALNUT, PERSIAN WALNUT) 
TN126Y13 TN Tree Nuts 126 Liveoak B 13 04M18N02E13 WALNUT (ENGLISH WALNUT, PERSIAN WALNUT) 
TN126Y26 TN Tree Nuts 126 Liveoak B 26 04M18N02E35 WALNUT (ENGLISH WALNUT, PERSIAN WALNUT) 
TN126Y27 TN Tree Nuts 126 Liveoak B 27 04M18N02E36 WALNUT (ENGLISH WALNUT, PERSIAN WALNUT) 
TN127N00 TN Tree Nuts 127 Gridley C 00   
TN127Y03 TN Tree Nuts 127 Gridley C 03 04M17N02E02 WALNUT (ENGLISH WALNUT, PERSIAN WALNUT) 
TN127Y07 TN Tree Nuts 127 Gridley C 07 04M17N02E10 WALNUT (ENGLISH WALNUT, PERSIAN WALNUT) 
TN127Y13 TN Tree Nuts 127 Gridley C 13 04M18N02E13 WALNUT (ENGLISH WALNUT, PERSIAN WALNUT) 
TN127Y17 TN Tree Nuts 127 Gridley C 17 04M18N02E24 WALNUT (ENGLISH WALNUT, PERSIAN WALNUT) 
TN127Y20 TN Tree Nuts 127 Gridley C 20 04M18N02E25 WALNUT (ENGLISH WALNUT, PERSIAN WALNUT) 
TN127Y26 TN Tree Nuts 127 Gridley C 26 04M18N02E35 WALNUT (ENGLISH WALNUT, PERSIAN WALNUT) 
TN127Y27 TN Tree Nuts 127 Gridley C 27 04M18N02E36 WALNUT (ENGLISH WALNUT, PERSIAN WALNUT) 
TN127Y40 TN Tree Nuts 127 Gridley C 40 04M18N03E31 WALNUT (ENGLISH WALNUT, PERSIAN WALNUT) 
TN130N00 TN Tree Nuts 130 San Joaquin D 00   
TN520N00 TN Tree Nuts 520 Esquon D 00   
ZZ120N00 ZZ No Model 120 Gridley C 00   
ZZ121N00 ZZ No Model 121 Boga B 00   
ZZ126N00 ZZ No Model 126 Liveoak B 00   
ZZ127N00 ZZ No Model 127 Gridley C 00   
ZZ130N00 ZZ No Model 130 San Joaquin D 00   
ZZ136N00 ZZ No Model 136 San Joaquin D 00   
ZZ500N00 ZZ No Model 500 Lofgren D 00   
ZZ520N00 ZZ No Model 520 Esquon D 00   
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APPENDIX C 


Assignment of PRZM Scenarios to Sub-watersheds 
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Watershed Watershed Model Model Soil Application PRZM 


ID Run Area Crop Link Link Run ID 
Number Number (ha) ID 


10 1 2.1611 FS 127 00 FS127N00 
10 2 0.0036 FS 500 00 FS500N00 
10 3 6.1678 RI 127 00 RI127N00 
10 4 77.4116 RI 500 00 RI500N00 
10 NA 1.9015 ZZ 500 00 NA 
20 1 2.3352 FS 500 00 FS500N00 
20 2 204.9704 RI 500 00 RI500N00 
20 NA 2.8862 ZZ 500 00 NA 
30 1 1.6244 FS 500 00 FS500N00 
30 2 113.6653 RI 500 00 RI500N00 
30 NA 2.9301 ZZ 500 00 NA 
40 1 1.0166 FS 500 00 FS500N00 
40 2 92.8423 RI 500 00 RI500N00 
40 NA 0.0000 ZZ 500 00 NA 
50 1 4.1385 FS 500 00 FS500N00 
50 2 101.6555 RI 500 00 RI500N00 
60 1 1.9516 GH 120 00 GH120N00 
60 2 5.0166 GH 127 00 GH127N00 
60 3 3.2496 GH 500 00 GH500N00 
60 4 30.5460 RI 120 00 RI120N00 
60 5 4.8597 RI 127 00 RI127N00 
60 6 1.8395 RI 500 00 RI500N00 
60 7 20.4008 RI 520 00 RI520N00 
60 NA 0.3500 ZZ 120 00 NA 
60 NA 0.5885 ZZ 520 00 NA 
70 1 29.4719 GH 120 00 GH120N00 
70 2 15.3879 GH 124 00 GH124N00 
70 3 18.2142 GH 127 00 GH127N00 
70 4 17.1438 GH 500 00 GH500N00 
70 5 9.2481 RC 120 00 RC120N00 
70 6 8.6919 RC 124 00 RC124N00 
70 7 6.1828 RC 127 00 RC127N00 
70 8 10.2750 RC 400 00 RC400N00 
70 9 0.9106 RC 500 00 RC500N00 
70 10 6.5297 RI 120 00 RI120N00 
70 11 0.0813 RI 124 00 RI124N00 
70 12 0.9668 RI 127 00 RI127N00 
70 13 0.0709 RI 500 00 RI500N00 
70 14 0.3766 RS 120 00 RS120N00 
70 15 0.0745 RS 124 00 RS124N00 
70 16 3.3239 RS 127 00 RS127N00 
70 17 3.5164 RS 500 00 RS500N00 
80 1 20.4667 RI 500 00 RI500N00 
80 2 13.2384 RI 520 00 RI520N00 
80 NA 0.5749 ZZ 500 00 NA 
80 NA 0.5218 ZZ 520 00 NA 
90 1 18.1502 RI 500 00 RI500N00 
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Watershed Watershed Model Model Soil Application PRZM 
ID Run Area Crop Link Link Run ID 


Number Number (ha) ID 


90 2 5.8334 RI 520 00 RI520N00 
110 1 21.3197 RI 520 00 RI520N00 
110 NA 0.3260 ZZ 520 00 NA 
120 1 2.7791 FS 120 00 FS120N00 
120 2 0.9739 FS 500 00 FS500N00 
120 3 63.5218 GH 120 00 GH120N00 
120 4 15.6729 GH 127 00 GH127N00 
120 5 36.5039 GH 500 00 GH500N00 
120 6 26.7116 GH 520 00 GH520N00 
120 7 8.9074 RC 120 00 RC120N00 
120 8 19.8746 RI 120 00 RI120N00 
120 9 9.3297 RI 127 00 RI127N00 
120 10 31.3488 RI 500 00 RI500N00 
120 11 25.9597 RI 520 00 RI520N00 
120 12 0.2695 RS 120 00 RS120N00 
120 13 0.1241 RS 500 00 RS500N00 
120 14 0.1740 RS 520 00 RS520N00 
130 1 146.3076 RI 520 00 RI520N00 
130 NA 3.5025 ZZ 520 00 NA 
140 1 4.1533 FS 120 00 FS120N00 
140 2 0.2992 FS 124 00 FS124N00 
140 3 19.3074 GH 120 00 GH120N00 
140 4 52.0832 GH 124 00 GH124N00 
140 5 12.4449 GH 127 00 GH127N00 
140 6 5.4291 GH 400 00 GH400N00 
140 7 0.6852 RC 120 00 RC120N00 
140 8 0.0137 RC 124 00 RC124N00 
140 9 2.9298 RC 127 00 RC127N00 
140 10 8.2447 RC 400 00 RC400N00 
140 11 57.4341 RI 120 00 RI120N00 
140 12 74.3134 RI 124 00 RI124N00 
140 13 1.7172 RI 127 00 RI127N00 
140 14 42.7465 RI 520 00 RI520N00 
140 15 1.1542 RS 120 00 RS120N00 
140 16 3.6486 RS 124 00 RS124N00 
140 NA 1.6197 ZZ 520 00 NA 
150 1 10.0627 FS 120 00 FS120N00 
150 2 9.5613 FS 124 00 FS124N00 
150 3 29.8160 FS 127 00 FS127N00 
150 4 0.0975 FS 520 00 FS520N00 
150 5 18.7430 GH 120 00 GH120N00 
150 6 29.4167 GH 124 00 GH124N00 
150 7 5.2880 GH 126 00 GH126N00 
150 8 85.3120 GH 127 00 GH127N00 
150 9 0.6800 RC 124 00 RC124N00 
150 10 1.9008 RC 126 00 RC126N00 
150 11 17.2296 RC 127 00 RC127N00 
150 12 171.4025 RI 120 00 RI120N00 
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150 13 31.6673 RI 124 00 RI124N00 
150 14 0.3694 RI 126 00 RI126N00 
150 15 75.3159 RI 127 00 RI127N00 
150 16 33.3801 RI 520 00 RI520N00 
150 17 2.6850 RS 120 00 RS120N00 
150 18 0.7654 RS 124 00 RS124N00 
150 19 2.3346 RS 126 00 RS126N00 
150 20 18.3687 RS 127 00 RS127N00 
150 21 1.1095 RS 520 00 RS520N00 
150 22 0.1788 TF 120 23 TF120Y23 
150 23 0.5386 TF 124 04 TF124Y04 
150 24 0.4186 TF 124 05 TF124Y05 
150 25 7.5159 TF 126 01 TF126Y01 
150 26 8.1611 TF 126 02 TF126Y02 
150 27 0.9921 TF 126 04 TF126Y04 
150 28 3.2852 TF 126 23 TF126Y23 
150 29 2.1702 TF 127 01 TF127Y01 
150 30 8.1141 TF 127 02 TF127Y02 
150 31 23.6193 TF 127 04 TF127Y04 
150 32 30.2255 TF 127 05 TF127Y05 
150 33 0.0001 TF 127 06 TF127Y06 
150 34 3.5447 TF 127 22 TF127Y22 
150 35 35.8987 TF 127 23 TF127Y23 
150 36 0.7767 TF 127 25 TF127Y25 
150 37 0.2525 TN 127 00 TN127N00 
150 38 0.0102 TN 127 07 TN127Y07 
160 1 13.8553 FS 124 00 FS124N00 
160 2 14.9067 FS 126 00 FS126N00 
160 3 15.2251 FS 127 00 FS127N00 
160 4 6.5550 GH 126 00 GH126N00 
160 5 44.8407 GH 127 00 GH127N00 
160 6 4.4501 GH 520 00 GH520N00 
160 7 11.0096 RC 127 00 RC127N00 
160 8 0.0266 RI 124 00 RI124N00 
160 9 0.2369 RI 126 00 RI126N00 
160 10 41.4874 RI 127 00 RI127N00 
160 11 48.8573 RI 520 00 RI520N00 
160 12 1.8379 RS 124 00 RS124N00 
160 13 34.9372 RS 126 00 RS126N00 
160 14 55.9531 RS 127 00 RS127N00 
160 15 0.8090 RS 520 00 RS520N00 
160 16 2.3977 TF 124 21 TF124Y21 
160 17 2.5313 TF 124 25 TF124Y25 
160 18 9.0082 TF 126 00 TF126N00 
160 19 10.0651 TF 126 01 TF126Y01 
160 20 23.3391 TF 126 02 TF126Y02 
160 21 4.0698 TF 126 23 TF126Y23 
160 22 0.2271 TF 126 24 TF126Y24 
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160 23 20.5515 TF 126 25 TF126Y25 
160 24 18.2227 TF 127 00 TF127N00 
160 25 12.7238 TF 127 01 TF127Y01 
160 26 15.7288 TF 127 02 TF127Y02 
160 27 48.0687 TF 127 21 TF127Y21 
160 28 0.1210 TF 127 23 TF127Y23 
160 29 33.3205 TF 127 24 TF127Y24 
160 30 79.9185 TF 127 25 TF127Y25 
160 31 2.1863 TF 520 21 TF520Y21 
160 32 10.9165 TN 126 03 TN126Y03 
160 33 7.6901 TN 126 26 TN126Y26 
160 34 22.5059 TN 127 03 TN127Y03 
160 35 10.0027 TN 127 26 TN127Y26 
160 NA 0.7068 ZZ 126 00 NA 
160 NA 0.3889 ZZ 127 00 NA 
170 1 0.0000 FS 121 00 FS121N00 
170 2 2.3536 FS 124 00 FS124N00 
170 3 5.6705 FS 126 00 FS126N00 
170 4 5.4441 FS 127 00 FS127N00 
170 5 12.7211 GH 121 00 GH121N00 
170 6 10.8603 GH 124 00 GH124N00 
170 7 7.4976 GH 126 00 GH126N00 
170 8 39.8479 GH 127 00 GH127N00 
170 9 0.3529 RI 121 00 RI121N00 
170 10 1.7136 RI 126 00 RI126N00 
170 11 21.6175 RI 127 00 RI127N00 
170 12 7.9005 RS 121 00 RS121N00 
170 13 1.3666 RS 124 00 RS124N00 
170 14 6.4627 RS 126 00 RS126N00 
170 15 66.3137 RS 127 00 RS127N00 
170 16 9.1596 TF 121 18 TF121Y18 
170 17 1.6602 TF 121 19 TF121Y19 
170 18 0.0065 TF 121 36 TF121Y36 
170 19 0.7032 TF 121 37 TF121Y37 
170 20 1.8004 TF 126 18 TF126Y18 
170 21 2.5856 TF 127 18 TF127Y18 
170 22 29.0967 TF 127 19 TF127Y19 
170 23 0.7523 TN 126 27 TN126Y27 
170 24 0.4437 TN 127 20 TN127Y20 
170 25 3.2764 TN 127 27 TN127Y27 
170 26 2.5684 TN 127 40 TN127Y40 
200 1 1.8671 FS 124 00 FS124N00 
200 2 12.9937 FS 127 00 FS127N00 
200 3 9.5100 GH 124 00 GH124N00 
200 4 11.8629 GH 127 00 GH127N00 
200 5 4.1449 RC 127 00 RC127N00 
200 6 0.9756 RI 127 00 RI127N00 
200 7 5.7079 RS 124 00 RS124N00 
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200 8 28.8038 RS 126 00 RS126N00 
200 9 66.0552 RS 127 00 RS127N00 
200 10 1.7564 TF 124 25 TF124Y25 
200 11 2.5848 TF 127 00 TF127N00 
200 12 0.7505 TF 127 02 TF127Y02 
200 13 5.9738 TF 127 21 TF127Y21 
200 14 6.0735 TF 127 24 TF127Y24 
200 15 6.9587 TF 127 25 TF127Y25 
200 16 1.0507 TN 126 27 TN126Y27 
200 17 0.6184 TN 127 00 TN127N00 
200 18 18.8170 TN 127 20 TN127Y20 
200 19 0.2179 TN 127 26 TN127Y26 
200 20 14.5317 TN 127 27 TN127Y27 
210 1 5.8433 FS 127 00 FS127N00 
210 2 24.3490 GH 127 00 GH127N00 
210 3 1.7890 RI 121 00 RI121N00 
210 4 58.3487 RI 127 00 RI127N00 
210 5 0.1043 RS 121 00 RS121N00 
210 6 5.5222 RS 127 00 RS127N00 
210 7 6.9751 TF 127 19 TF127Y19 
210 8 0.7770 TN 127 17 TN127Y17 
210 9 30.8868 TN 127 20 TN127Y20 
220 1 6.7216 FS 127 00 FS127N00 
220 2 8.8454 GH 127 00 GH127N00 
220 3 0.7453 RI 127 00 RI127N00 
220 4 6.1147 RS 127 00 RS127N00 
220 5 7.7816 TF 127 19 TF127Y19 
220 6 13.8658 TF 127 21 TF127Y21 
220 7 0.7605 TN 127 00 TN127N00 
220 8 12.4469 TN 127 20 TN127Y20 
230 1 4.3911 GH 520 00 GH520N00 
230 2 81.0673 RI 520 00 RI520N00 
240 1 0.1710 GH 520 00 GH520N00 
240 2 8.3584 RI 500 00 RI500N00 
240 3 118.9663 RI 520 00 RI520N00 
240 4 1.0982 RS 500 00 RS500N00 
240 5 0.0123 RS 520 00 RS520N00 
250 1 2.2254 FS 520 00 FS520N00 
250 2 1.8791 GH 520 00 GH520N00 
250 3 110.7137 RI 520 00 RI520N00 
250 4 9.6402 RS 520 00 RS520N00 
250 5 6.8732 TN 520 00 TN520N00 
260 1 13.3261 FS 520 00 FS520N00 
260 2 0.5566 GH 121 00 GH121N00 
260 3 8.2109 GH 127 00 GH127N00 
260 4 2.7304 GH 520 00 GH520N00 
260 5 1.0393 RC 127 00 RC127N00 
260 6 1.6626 RC 520 00 RC520N00 
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260 7 3.7764 RI 127 00 RI127N00 
260 8 64.2500 RI 520 00 RI520N00 
260 9 0.1228 RS 121 00 RS121N00 
260 10 37.9571 RS 127 00 RS127N00 
260 11 32.7386 RS 520 00 RS520N00 
260 12 2.5955 TF 121 08 TF121Y08 
260 13 0.8107 TF 121 10 TF121Y10 
260 14 1.8003 TF 121 12 TF121Y12 
260 15 6.7651 TF 121 14 TF121Y14 
260 16 3.1729 TF 127 08 TF127Y08 
260 17 1.6040 TF 127 10 TF127Y10 
260 18 0.3300 TF 127 12 TF127Y12 
260 19 5.1184 TF 127 14 TF127Y14 
260 20 12.2697 TF 520 08 TF520Y08 
260 21 6.7566 TF 520 14 TF520Y14 
260 22 1.0220 TN 127 00 TN127N00 
260 23 1.5741 TN 127 13 TN127Y13 
270 1 19.9531 GH 121 00 GH121N00 
270 2 0.0058 GH 127 00 GH127N00 
270 3 0.5390 GH 500 00 GH500N00 
270 4 9.0838 GH 520 00 GH520N00 
270 5 6.8850 RI 121 00 RI121N00 
270 6 0.1653 RI 500 00 RI500N00 
270 7 40.5300 RI 520 00 RI520N00 
270 8 0.7881 RS 121 00 RS121N00 
270 9 1.1507 RS 127 00 RS127N00 
270 10 0.2874 RS 500 00 RS500N00 
270 11 9.7009 RS 520 00 RS520N00 
270 12 6.3316 TN 520 00 TN520N00 
280 1 0.3568 FS 127 00 FS127N00 
280 2 2.3140 GH 121 00 GH121N00 
280 3 11.3314 GH 127 00 GH127N00 
280 4 2.2944 GH 500 00 GH500N00 
280 5 20.7600 GH 520 00 GH520N00 
280 6 0.2739 RC 121 00 RC121N00 
280 7 1.6896 RC 127 00 RC127N00 
280 8 14.6197 RI 127 00 RI127N00 
280 9 0.1423 RI 500 00 RI500N00 
280 10 11.2467 RI 520 00 RI520N00 
280 11 2.7040 RS 121 00 RS121N00 
280 12 4.7897 RS 127 00 RS127N00 
280 13 1.2300 RS 500 00 RS500N00 
280 14 4.1846 RS 520 00 RS520N00 
280 15 2.7227 TF 121 15 TF121Y15 
280 16 0.0360 TF 121 16 TF121Y16 
280 17 4.0525 TF 127 15 TF127Y15 
280 18 23.5689 TF 127 16 TF127Y16 
280 19 2.6131 TF 520 15 TF520Y15 
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280 20 1.7097 TF 520 16 TF520Y16 
280 21 0.0785 TN 121 00 TN121N00 
290 1 0.0628 FS 127 00 FS127N00 
290 2 67.2206 GH 127 00 GH127N00 
290 3 6.3624 GH 520 00 GH520N00 
290 4 23.6110 RC 127 00 RC127N00 
290 5 0.0312 RC 520 00 RC520N00 
290 6 2.7561 RI 127 00 RI127N00 
290 7 1.0217 RI 500 00 RI500N00 
290 8 17.5371 RI 520 00 RI520N00 
290 9 11.9611 RS 127 00 RS127N00 
290 10 0.1597 RS 500 00 RS500N00 
290 11 3.5063 RS 520 00 RS520N00 
290 12 1.9930 TF 127 00 TF127N00 
290 13 6.5773 TF 127 16 TF127Y16 
290 14 1.0039 TF 127 21 TF127Y21 
300 1 10.7084 FS 127 00 FS127N00 
300 2 109.2808 GH 127 00 GH127N00 
300 3 1.6592 GH 520 00 GH520N00 
300 4 4.1253 RC 127 00 RC127N00 
300 5 12.9984 RS 127 00 RS127N00 
300 6 5.2707 TF 127 00 TF127N00 
300 7 0.0961 TF 127 12 TF127Y12 
300 8 7.8060 TF 127 16 TF127Y16 
300 9 3.7465 TF 127 31 TF127Y31 
300 10 2.1879 TF 520 30 TF520Y30 
300 11 3.3475 TF 520 31 TF520Y31 
300 12 8.1521 TN 127 17 TN127Y17 
310 1 0.0192 FS 520 00 FS520N00 
310 2 7.9142 GH 127 00 GH127N00 
310 3 2.1252 GH 130 00 GH130N00 
310 4 1.6027 GH 520 00 GH520N00 
310 5 2.6278 RC 520 00 RC520N00 
310 6 2.9002 RI 130 00 RI130N00 
310 7 37.4615 RI 520 00 RI520N00 
310 8 0.2158 RS 130 00 RS130N00 
310 9 0.3201 RS 520 00 RS520N00 
310 10 2.3154 TF 127 31 TF127Y31 
310 11 48.1805 TF 520 30 TF520Y30 
310 12 2.5058 TF 520 31 TF520Y31 
310 13 0.9671 TN 130 00 TN130N00 
310 14 0.2629 TN 520 00 TN520N00 
310 NA 0.0671 ZZ 520 00 NA 
320 1 0.7896 FS 500 00 FS500N00 
320 2 281.4942 RI 500 00 RI500N00 
330 1 7.5410 FS 500 00 FS500N00 
330 2 247.8858 RI 500 00 RI500N00 
340 1 113.0867 RI 500 00 RI500N00 
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350 1 172.4951 RI 500 00 RI500N00 
350 NA 0.5464 ZZ 500 00 NA 
360 1 74.5934 RI 500 00 RI500N00 
360 NA 1.4277 ZZ 500 00 NA 
370 1 0.3303 GH 520 00 GH520N00 
370 2 45.9483 RI 500 00 RI500N00 
370 3 177.2718 RI 520 00 RI520N00 
370 4 1.6689 RS 520 00 RS520N00 
370 NA 1.2345 ZZ 500 00 NA 
370 NA 3.7042 ZZ 520 00 NA 
380 1 0.5242 GH 520 00 GH520N00 
380 2 202.9072 RI 520 00 RI520N00 
380 NA 0.8032 ZZ 520 00 NA 
390 1 6.6590 GH 130 00 GH130N00 
390 2 9.6747 GH 136 00 GH136N00 
390 3 1.0596 GH 520 00 GH520N00 
390 4 21.5994 RI 136 00 RI136N00 
390 5 4.6580 RI 520 00 RI520N00 
390 6 0.2365 RS 136 00 RS136N00 
390 7 3.6893 TF 136 32 TF136Y32 
390 8 1.9271 TN 130 00 TN130N00 
390 9 0.3599 TN 520 00 TN520N00 
390 NA 0.8137 ZZ 136 00 NA 
400 1 19.7030 FS 130 00 FS130N00 
400 2 3.6963 FS 136 00 FS136N00 
400 3 0.0905 FS 520 00 FS520N00 
400 4 4.3220 GH 130 00 GH130N00 
400 5 0.0618 GH 136 00 GH136N00 
400 6 8.7554 RI 130 00 RI130N00 
400 7 47.6410 RI 136 00 RI136N00 
400 8 1.1119 RI 520 00 RI520N00 
400 9 8.2574 RS 130 00 RS130N00 
400 NA 0.7157 ZZ 130 00 NA 
400 NA 1.2063 ZZ 136 00 NA 
400 NA 0.0113 ZZ 520 00 NA 
410 1 3.9308 FS 127 00 FS127N00 
410 2 2.3537 GH 121 00 GH121N00 
410 3 0.5689 GH 127 00 GH127N00 
410 4 4.6443 RC 121 00 RC121N00 
410 5 8.2763 RC 127 00 RC127N00 
410 6 4.9825 RS 121 00 RS121N00 
410 7 42.0441 RS 127 00 RS127N00 
410 8 0.3033 RS 520 00 RS520N00 
410 9 0.3842 TF 121 15 TF121Y15 
410 10 0.1463 TF 127 00 TF127N00 
410 11 0.6165 TF 127 12 TF127Y12 
410 12 4.4114 TN 121 00 TN121N00 
410 13 0.9888 TN 127 00 TN127N00 
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420 1 2.2932 FS 127 00 FS127N00 
420 2 1.8928 GH 127 00 GH127N00 
420 3 1.1752 RC 127 00 RC127N00 
420 4 7.6249 RS 127 00 RS127N00 
420 5 6.4352 TF 127 00 TF127N00 
420 6 1.2293 TF 127 12 TF127Y12 
420 7 3.1680 TN 127 13 TN127Y13 
430 1 74.0523 RI 500 00 RI500N00 
430 2 3.7381 RI 520 00 RI520N00 
430 NA 0.0793 ZZ 500 00 NA 
440 1 0.7971 GH 520 00 GH520N00 
440 2 4.1169 RI 120 00 RI120N00 
440 3 99.4467 RI 500 00 RI500N00 
440 4 20.0493 RI 520 00 RI520N00 
450 1 186.8184 RI 500 00 RI500N00 
450 NA 5.4583 ZZ 500 00 NA 
460 1 2.3481 FS 120 00 FS120N00 
460 2 0.0000 FS 500 00 FS500N00 
460 3 2.4692 GH 120 00 GH120N00 
460 4 1.2893 RI 120 00 RI120N00 
460 5 144.2173 RI 500 00 RI500N00 
460 6 9.3121 RI 520 00 RI520N00 
460 7 3.4194 RS 120 00 RS120N00 
460 8 0.5671 RS 500 00 RS500N00 
460 9 0.6857 RS 520 00 RS520N00 
460 NA 3.4059 ZZ 500 00 NA 
460 NA 0.5087 ZZ 520 00 NA 
470 1 1.1350 RI 120 00 RI120N00 
470 2 17.8315 RI 520 00 RI520N00 
470 NA 0.3765 ZZ 120 00 NA 
470 NA 1.1036 ZZ 520 00 NA 
480 1 0.0459 GH 120 00 GH120N00 
480 2 2.6420 GH 127 00 GH127N00 
480 3 11.8776 RI 120 00 RI120N00 
480 4 6.9539 RI 127 00 RI127N00 
480 NA 2.8639 ZZ 120 00 NA 
490 1 3.8348 GH 120 00 GH120N00 
490 2 4.5873 GH 127 00 GH127N00 
490 3 5.6962 RI 120 00 RI120N00 
500 1 3.4970 RI 120 00 RI120N00 
500 2 25.1155 RI 520 00 RI520N00 
500 NA 0.1822 ZZ 120 00 NA 
500 NA 0.0007 ZZ 520 00 NA 
520 1 117.5767 RI 500 00 RI500N00 
520 2 14.5093 RI 520 00 RI520N00 
520 3 0.0001 RS 500 00 RS500N00 
520 4 0.8006 RS 520 00 RS520N00 
530 1 105.9923 RI 500 00 RI500N00 
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540 1 116.2365 RI 520 00 RI520N00 
540 NA 1.9912 ZZ 520 00 NA 
550 1 16.6114 GH 520 00 GH520N00 
550 2 147.5770 RI 520 00 RI520N00 
550 3 3.1108 RS 520 00 RS520N00 
560 1 6.0628 RI 500 00 RI500N00 
560 2 66.8752 RI 520 00 RI520N00 
560 3 0.6719 RS 520 00 RS520N00 
560 NA 4.7559 ZZ 520 00 NA 
570 1 41.5269 RI 500 00 RI500N00 
570 2 51.5363 RI 520 00 RI520N00 
570 NA 0.1247 ZZ 500 00 NA 
570 NA 3.1452 ZZ 520 00 NA 
580 1 25.8725 FS 121 00 FS121N00 
580 2 4.1675 FS 127 00 FS127N00 
580 3 0.1752 FS 520 00 FS520N00 
580 4 35.9442 GH 121 00 GH121N00 
580 5 12.0384 GH 127 00 GH127N00 
580 6 4.9621 GH 520 00 GH520N00 
580 7 3.9539 RC 121 00 RC121N00 
580 8 13.9634 RC 127 00 RC127N00 
580 9 20.2254 RC 520 00 RC520N00 
580 10 0.2586 RI 127 00 RI127N00 
580 11 11.5449 RI 520 00 RI520N00 
580 12 3.4766 RS 121 00 RS121N00 
580 13 11.7458 RS 127 00 RS127N00 
580 14 4.0512 RS 520 00 RS520N00 
580 15 3.2830 TF 121 00 TF121N00 
580 16 13.2645 TF 121 10 TF121Y10 
580 17 1.1822 TF 121 12 TF121Y12 
580 18 0.9540 TF 127 00 TF127N00 
580 19 1.0827 TF 127 08 TF127Y08 
580 20 35.1238 TF 127 10 TF127Y10 
580 21 0.7352 TF 127 12 TF127Y12 
580 22 0.0972 TF 520 08 TF520Y08 
580 23 0.0178 TF 520 10 TF520Y10 
580 24 0.3476 TN 121 11 TN121Y11 
580 25 0.0210 TN 121 13 TN121Y13 
580 26 2.3151 TN 127 13 TN127Y13 
580 NA 0.1955 ZZ 121 00 NA 
585 1 7.9044 GH 121 00 GH121N00 
585 2 13.0283 GH 520 00 GH520N00 
585 3 1.8297 RC 520 00 RC520N00 
585 4 1.8223 RS 121 00 RS121N00 
585 5 2.1194 RS 520 00 RS520N00 
590 1 9.1716 RI 520 00 RI520N00 
590 2 0.7710 RS 520 00 RS520N00 
590 3 7.2478 TF 520 29 TF520Y29 
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590 4 25.0544 TF 520 30 TF520Y30 
600 1 0.0601 FS 121 00 FS121N00 
600 2 0.0018 FS 126 00 FS126N00 
600 3 0.5084 FS 136 00 FS136N00 
600 4 0.0367 FS 520 00 FS520N00 
600 5 4.9373 GH 121 00 GH121N00 
600 6 1.0663 GH 126 00 GH126N00 
600 7 9.2704 RI 126 00 RI126N00 
600 8 0.1591 RI 136 00 RI136N00 
600 9 10.9734 RI 520 00 RI520N00 
600 10 1.0990 RS 121 00 RS121N00 
600 11 0.3809 TF 121 09 TF121Y09 
600 12 2.1860 TF 121 10 TF121Y10 
600 13 6.1377 TF 121 29 TF121Y29 
600 14 2.1065 TF 126 09 TF126Y09 
600 15 5.5822 TF 126 10 TF126Y10 
600 16 9.8180 TF 126 28 TF126Y28 
600 17 20.6918 TF 126 29 TF126Y29 
600 18 1.8794 TF 136 29 TF136Y29 
600 19 0.3411 TF 520 28 TF520Y28 
600 20 20.2460 TF 520 29 TF520Y29 
600 21 0.0398 TN 121 00 TN121N00 
600 22 4.6735 TN 121 11 TN121Y11 
600 NA 0.1040 ZZ 121 00 NA 
600 NA 1.4404 ZZ 136 00 NA 
600 NA 1.5901 ZZ 520 00 NA 
610 1 5.1064 FS 127 00 FS127N00 
610 2 33.7389 GH 127 00 GH127N00 
610 3 5.0204 RC 127 00 RC127N00 
610 4 9.9439 RS 121 00 RS121N00 
610 5 10.0279 RS 127 00 RS127N00 
610 6 1.9972 TF 121 12 TF121Y12 
610 7 5.3652 TF 127 00 TF127N00 
610 8 7.3781 TF 127 12 TF127Y12 
610 9 3.9659 TF 127 16 TF127Y16 
610 10 9.2011 TN 121 13 TN121Y13 
610 11 2.4548 TN 127 00 TN127N00 
610 12 6.7343 TN 127 13 TN127Y13 
640 1 0.5025 GH 121 00 GH121N00 
640 2 4.6571 GH 127 00 GH127N00 
640 3 3.0650 GH 520 00 GH520N00 
640 4 1.7995 RS 121 00 RS121N00 
640 5 0.0027 RS 127 00 RS127N00 
640 6 0.3302 RS 520 00 RS520N00 
640 7 0.2504 TF 121 12 TF121Y12 
640 8 8.5498 TF 121 30 TF121Y30 
640 9 8.4082 TF 520 30 TF520Y30 
640 10 3.1328 TN 121 13 TN121Y13 
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650 1 13.2732 FS 121 00 FS121N00 
650 2 0.5971 FS 127 00 FS127N00 
650 3 0.7012 RC 121 00 RC121N00 
650 4 0.8527 RC 127 00 RC127N00 
650 5 0.1181 RS 121 00 RS121N00 
650 6 6.5359 RS 127 00 RS127N00 
650 7 1.2014 TF 121 00 TF121N00 
650 8 3.0038 TF 121 12 TF121Y12 
650 9 0.0902 TF 127 00 TF127N00 
650 10 1.1621 TF 127 12 TF127Y12 
650 11 18.7321 TN 121 13 TN121Y13 
650 12 26.8823 TN 127 13 TN127Y13 
660 1 6.1098 FS 121 00 FS121N00 
660 2 10.0256 RC 121 00 RC121N00 
660 3 5.0509 RC 126 00 RC126N00 
660 4 1.6931 RS 121 00 RS121N00 
660 5 2.7841 RS 126 00 RS126N00 
660 6 16.2126 TF 121 10 TF121Y10 
660 7 12.3309 TF 121 12 TF121Y12 
660 8 0.3257 TF 121 29 TF121Y29 
660 9 10.2079 TF 121 30 TF121Y30 
660 10 2.8520 TF 126 00 TF126N00 
660 11 0.0001 TF 126 09 TF126Y09 
660 12 7.3261 TF 126 10 TF126Y10 
660 13 6.8449 TF 126 12 TF126Y12 
660 14 1.5436 TF 126 28 TF126Y28 
660 15 10.2571 TF 126 29 TF126Y29 
660 16 1.8484 TF 126 30 TF126Y30 
660 17 4.5103 TF 520 29 TF520Y29 
660 18 6.8894 TF 520 30 TF520Y30 
660 19 18.9025 TN 121 13 TN121Y13 
660 20 0.2401 TN 126 13 TN126Y13 
670 1 2.4256 GH 121 00 GH121N00 
670 2 8.3914 GH 127 00 GH127N00 
670 3 37.4490 RI 121 00 RI121N00 
670 4 3.7181 RI 127 00 RI127N00 
670 5 1.7290 RS 121 00 RS121N00 
670 6 2.6874 RS 127 00 RS127N00 
670 7 0.0140 TF 121 16 TF121Y16 
670 8 11.2302 TF 121 31 TF121Y31 
670 9 0.5063 TF 127 31 TF127Y31 
670 10 0.0108 TN 121 00 TN121N00 
670 11 0.0023 TN 121 17 TN121Y17 
670 12 0.0566 TN 121 20 TN121Y20 
670 13 0.1419 TN 127 17 TN127Y17 
670 14 2.1630 TN 127 20 TN127Y20 
680 1 1.2119 FS 121 00 FS121N00 
680 2 7.9176 FS 127 00 FS127N00 
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680 3 2.7233 GH 121 00 GH121N00 
680 4 1.5767 GH 127 00 GH127N00 
680 5 19.4120 RI 121 00 RI121N00 
680 6 1.6391 RS 121 00 RS121N00 
680 7 0.2058 RS 127 00 RS127N00 
680 8 36.7821 TF 121 31 TF121Y31 
680 9 0.8273 TF 121 36 TF121Y36 
680 10 7.0472 TF 121 37 TF121Y37 
680 11 14.9222 TF 127 31 TF127Y31 
690 1 1.5441 FS 121 00 FS121N00 
690 2 1.0507 FS 127 00 FS127N00 
690 3 12.1423 GH 121 00 GH121N00 
690 4 1.6824 GH 127 00 GH127N00 
690 5 5.0276 RC 121 00 RC121N00 
690 6 6.1596 RI 121 00 RI121N00 
690 7 4.2546 RS 121 00 RS121N00 
690 8 0.4984 TF 121 18 TF121Y18 
690 9 0.0686 TF 121 36 TF121Y36 
690 10 46.6260 TF 121 37 TF121Y37 
690 11 16.7547 TF 121 38 TF121Y38 
690 12 3.4152 TF 121 39 TF121Y39 
690 13 4.5766 TF 127 38 TF127Y38 
690 14 0.7424 TN 121 00 TN121N00 
690 15 7.2715 TN 121 40 TN121Y40 
690 16 0.4866 TN 127 40 TN127Y40 
700 1 0.0623 GH 121 00 GH121N00 
700 2 4.1367 GH 127 00 GH127N00 
700 3 6.5488 GH 130 00 GH130N00 
700 4 3.8340 GH 136 00 GH136N00 
700 5 12.2144 RI 136 00 RI136N00 
700 6 0.0127 RS 121 00 RS121N00 
700 7 0.3993 RS 127 00 RS127N00 
700 8 1.1525 RS 130 00 RS130N00 
700 9 2.6925 RS 136 00 RS136N00 
700 10 21.7327 TF 121 31 TF121Y31 
700 11 3.6189 TF 121 32 TF121Y32 
700 12 3.7409 TF 127 31 TF127Y31 
700 13 0.9198 TF 127 32 TF127Y32 
700 14 0.2361 TF 130 31 TF130Y31 
700 15 7.5941 TF 136 31 TF136Y31 
700 16 5.6798 TF 136 32 TF136Y32 
710 1 0.6597 FS 121 00 FS121N00 
710 2 3.9515 GH 121 00 GH121N00 
710 3 4.5759 RI 121 00 RI121N00 
710 4 1.9574 RS 121 00 RS121N00 
710 5 0.8948 TF 121 34 TF121Y34 
710 6 24.4757 TF 121 36 TF121Y36 
710 7 27.6849 TF 121 37 TF121Y37 
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Watershed Watershed Model Model Soil Application PRZM 
ID Run Area Crop Link Link Run ID 


Number Number (ha) ID 


710 8 1.3376 TF 121 38 TF121Y38 
710 9 9.4908 TF 121 39 TF121Y39 
710 10 4.3609 TN 121 00 TN121N00 
710 11 0.8782 TN 121 35 TN121Y35 
710 12 4.2363 TN 121 40 TN121Y40 
720 1 1.6540 GH 121 00 GH121N00 
720 2 0.0014 RI 121 00 RI121N00 
720 3 4.1191 TF 121 33 TF121Y33 
720 4 13.1384 TF 121 34 TF121Y34 
720 5 8.7491 TF 121 36 TF121Y36 
720 6 26.1844 TF 121 37 TF121Y37 
720 7 1.4771 TF 127 33 TF127Y33 
720 8 0.1126 TF 127 36 TF127Y36 
720 9 0.4515 TF 127 37 TF127Y37 
730 1 9.8808 GH 121 00 GH121N00 
730 2 8.4570 GH 127 00 GH127N00 
730 3 1.2495 RS 121 00 RS121N00 
730 4 0.9963 RS 127 00 RS127N00 
730 5 0.4229 TF 121 31 TF121Y31 
730 6 0.4381 TF 121 32 TF121Y32 
730 7 2.5063 TF 121 33 TF121Y33 
730 8 0.8199 TF 121 34 TF121Y34 
730 9 3.4416 TF 121 37 TF121Y37 
730 10 1.2048 TF 127 32 TF127Y32 
730 11 11.0473 TF 127 33 TF127Y33 
730 12 12.5616 TF 127 34 TF127Y34 
730 13 0.5885 TF 127 36 TF127Y36 
730 14 1.9904 TF 127 37 TF127Y37 
740 1 5.1462 FS 126 00 FS126N00 
740 2 9.1236 FS 130 00 FS130N00 
740 3 4.9279 FS 136 00 FS136N00 
740 4 1.0724 FS 520 00 FS520N00 
740 5 0.2724 GH 121 00 GH121N00 
740 6 0.0922 RI 121 00 RI121N00 
740 7 14.3748 RI 126 00 RI126N00 
740 8 10.5580 RI 130 00 RI130N00 
740 9 35.5987 RI 136 00 RI136N00 
740 10 1.6598 RS 136 00 RS136N00 
740 11 3.5646 TF 121 00 TF121N00 
740 12 15.9250 TF 121 29 TF121Y29 
740 13 0.0521 TF 126 00 TF126N00 
740 14 7.6842 TF 126 29 TF126Y29 
740 15 9.1310 TF 136 00 TF136N00 
740 16 21.2515 TF 136 29 TF136Y29 
740 17 0.4711 TF 520 29 TF520Y29 
740 NA 1.0655 ZZ 121 00 NA 
740 NA 4.2028 ZZ 126 00 NA 
740 NA 3.2867 ZZ 136 00 NA 
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Watershed Watershed Model Model Soil Application PRZM 
ID Run Area Crop Link Link Run ID 


Number Number (ha) ID 


740 NA 0.0550 ZZ 520 00 NA 
750 1 3.8227 FS 126 00 FS126N00 
750 2 4.2684 FS 136 00 FS136N00 
750 3 0.0975 GH 126 00 GH126N00 
750 4 9.2271 RI 126 00 RI126N00 
750 5 2.9247 RI 136 00 RI136N00 
750 6 0.1118 RS 126 00 RS126N00 
750 7 0.5131 RS 136 00 RS136N00 
750 NA 1.3318 ZZ 126 00 NA 
750 NA 0.0337 ZZ 136 00 NA 
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APPENDIX D 


Detailed Application Data (CA DPR PUR Database With Main Drain Watershed Assigned 
Areas/Rates) 
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PUR Cell 
Assigned 


Watershed 
A


Application 
Link Date Type Rate Total Mass Crop 


 (ha)    (kg/ha) (kg) 


04M17N02E02 32.48 01 07-FEB-92 G 0.30252 9.82434 PEACH                                                      
04M17N02E02 32.48 01 09-FEB-92 G 1.23758 40.19050 PEACH                                                      
04M17N02E02 32.48 01 23-FEB-92 G 0.13729 4.45846 PEACH                                                      
04M17N02E02 32.48 01 24-JAN-93 G 0.41253 13.39682 PEACH                                                      
04M17N02E02 32.48 01 25-FEB-93 G 0.51566 16.74603 PEACH                                                      
04M17N02E02 32.48 01 02-JUN-93 G 0.33002 10.71747 PEACH                                                      
04M17N02E02 32.48 01 18-JAN-95 G 0.63254 20.54181 PEACH                                                      
04M17N02E02 32.48 01 03-FEB-95 G 0.37815 12.28043 PEACH                                                      
04M17N02E02 32.48 01 21-JAN-96 G 0.30252 9.82434 PEACH                                                      
04M17N02E02 32.48 01 26-JAN-96 G 0.41253 13.39682 PEACH                                                      
04M17N02E02 32.48 01 28-JAN-96 G 0.63166 20.51307 PEACH                                                      
04M17N02E02 32.48 01 18-JAN-97 G 0.41253 13.39682 PEACH                                                      
04M17N02E02 32.48 01 23-JAN-98 G 0.19224 6.24309 PEACH                                                      
04M17N02E02 32.48 01 05-JAN-99 G 0.19244 6.24936 PEACH                                                      
04M17N02E02 32.48 01 29-JAN-99 G 0.41236 13.39146 PEACH                                                      
04M17N02E02 32.48 01 02-FEB-99 G 0.38607 12.53776 PEACH                                                      
04M17N02E02 32.48 01 03-FEB-99 G 0.18017 5.85096 PEACH                                                      
04M17N02E02 32.48 01 22-JAN-01 G 0.02730 0.88650 PEACH                                                      
04M17N02E02 56.09 02 05-MAR-93 G 0.09673 5.42571 PRUNE                                                      
04M17N02E02 56.09 02 19-FEB-95 G 0.58786 32.97524 PRUNE                                                      
04M17N02E02 56.09 02 26-FEB-95 G 0.09673 5.42571 PRUNE                                                      
04M17N02E02 56.09 02 27-FEB-95 G 0.38691 21.70289 PRUNE                                                      
04M17N02E02 56.09 02 12-FEB-97 G 0.46364 26.00707 PRUNE                                                      
04M17N02E02 56.09 02 06-JUN-98 G 0.02902 1.62772 PRUNE                                                      
04M17N02E02 56.09 02 04-FEB-99 G 0.57935 32.49794 PRUNE                                                      
04M17N02E02 33.42 03 24-APR-92 G 0.15436 5.15901 WALNUT (ENGLISH WALNUT, PERSIAN WALNUT)                    
04M17N02E02 33.42 03 03-MAY-92 G 0.11114 3.71450 WALNUT (ENGLISH WALNUT, PERSIAN WALNUT)                    
04M17N02E02 33.42 03 17-JUN-92 G 0.07409 2.47633 WALNUT (ENGLISH WALNUT, PERSIAN WALNUT)                    
04M17N02E02 33.42 03 02-JUL-92 G 0.18523 6.19083 WALNUT (ENGLISH WALNUT, PERSIAN WALNUT)                    
04M17N02E02 33.42 03 31-JUL-92 A 0.24697 8.25442 WALNUT (ENGLISH WALNUT, PERSIAN WALNUT)                    
04M17N02E02 33.42 03 05-AUG-92 A 0.24697 8.25442 WALNUT (ENGLISH WALNUT, PERSIAN WALNUT)                    
04M17N02E02 33.42 03 26-AUG-92 G 0.06174 2.06360 WALNUT (ENGLISH WALNUT, PERSIAN WALNUT)                    
04M17N02E02 33.42 03 04-JUN-93 G 0.09262 3.09541 WALNUT (ENGLISH WALNUT, PERSIAN WALNUT)                    
04M17N02E02 33.42 03 13-JUN-93 A 0.61743 20.63608 WALNUT (ENGLISH WALNUT, PERSIAN WALNUT)                    
04M17N02E02 33.42 03 01-JUL-93 G 0.03087 1.03182 WALNUT (ENGLISH WALNUT, PERSIAN WALNUT)                    
04M17N02E02 33.42 03 15-JUN-94 G 0.37046 12.38165 WALNUT (ENGLISH WALNUT, PERSIAN WALNUT)                    
04M17N02E02 33.42 03 01-JUL-94 G 0.61743 20.63608 WALNUT (ENGLISH WALNUT, PERSIAN WALNUT)                    
04M17N02E02 33.42 03 04-AUG-94 G 1.11138 37.14496 WALNUT (ENGLISH WALNUT, PERSIAN WALNUT)                    
04M17N02E02 33.42 03 09-SEP-94 A 0.74092 24.76330 WALNUT (ENGLISH WALNUT, PERSIAN WALNUT)                    
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PUR Cell 
Assigned 


Watershed 
A


Application 
Link Date Type Rate Total Mass Crop 


 (ha)    (kg/ha) (kg) 


04M17N02E02 33.42 03 08-AUG-95 G 0.74092 24.76330 WALNUT (ENGLISH WALNUT, PERSIAN WALNUT)                    
04M17N02E02 33.42 03 09-MAY-98 A 0.48881 16.33722 WALNUT (ENGLISH WALNUT, PERSIAN WALNUT)                    
04M17N02E03 25.15 04 25-FEB-92 G 1.65698 41.67298 PEACH                                                      
04M17N02E03 25.15 04 25-FEB-93 G 2.07411 52.16380 PEACH                                                      
04M17N02E03 25.15 04 04-FEB-95 G 1.66831 41.95785 PEACH                                                      
04M17N02E03 25.15 04 07-JAN-96 G 0.68536 17.23672 PEACH                                                      
04M17N02E03 25.15 04 12-FEB-96 G 1.65929 41.73105 PEACH                                                      
04M17N02E03 25.15 04 15-FEB-98 G 0.68536 17.23672 PEACH                                                      
04M17N02E03 30.64 05 05-MAR-93 G 0.54928 16.83233 PRUNE                                                      
04M17N02E03 30.64 05 20-FEB-95 G 0.03661 1.12173 PRUNE                                                      
04M17N02E03 30.64 05 28-FEB-95 G 0.73238 22.44309 PRUNE                                                      
04M17N02E03 30.64 05 04-JUL-95 G 0.24822 7.60652 PRUNE                                                      
04M17N02E03 30.64 05 28-MAY-96 G 0.52657 16.13640 PRUNE                                                      
04M17N02E03 30.64 05 14-FEB-97 G 0.35105 10.75759 PRUNE                                                      
04M17N02E03 30.64 05 15-FEB-98 G 0.11718 3.59088 PRUNE                                                      
04M17N02E03 30.64 05 17-JUN-98 G 0.24169 7.40623 PRUNE                                                      
04M17N02E03 30.64 05 23-FEB-99 G 0.87850 26.92093 PRUNE                                                      
04M17N02E10 0.00 06 25-FEB-92 A 0.75707 0.00005 PRUNE                                                      
04M17N02E10 0.00 06 03-MAY-92 G 0.05678 0.00000 PRUNE                                                      
04M17N02E10 0.00 06 06-MAR-93 G 0.28390 0.00002 PRUNE                                                      
04M17N02E10 0.00 06 18-JAN-94 G 0.18927 0.00001 PRUNE                                                      
04M17N02E10 0.00 06 03-FEB-94 A 0.90849 0.00006 PRUNE                                                      
04M17N02E10 0.00 06 16-FEB-95 A 0.94634 0.00006 PRUNE                                                      
04M17N02E10 0.00 06 24-FEB-95 G 0.34068 0.00002 PRUNE                                                      
04M17N02E10 0.00 06 16-FEB-96 A 0.60566 0.00004 PRUNE                                                      
04M17N02E10 0.00 06 22-FEB-96 A 0.37854 0.00003 PRUNE                                                      
04M17N02E10 0.00 06 24-FEB-97 G 0.29968 0.00002 PRUNE                                                      
04M17N02E10 0.00 06 27-FEB-97 A 0.75707 0.00005 PRUNE                                                      
04M17N02E10 0.00 06 17-FEB-98 A 0.34463 0.00002 PRUNE                                                      
04M17N02E10 0.00 06 23-JUN-98 G 0.28390 0.00002 PRUNE                                                      
04M17N02E10 0.00 06 02-FEB-99 G 0.34811 0.00002 PRUNE                                                      
04M17N02E10 0.00 06 19-FEB-00 G 0.34679 0.00002 PRUNE                                                      
04M17N02E10 0.01 07 03-MAY-92 G 0.23084 0.00234 WALNUT (ENGLISH WALNUT, PERSIAN WALNUT)                    
04M17N02E10 0.01 07 17-JUN-92 G 0.25970 0.00264 WALNUT (ENGLISH WALNUT, PERSIAN WALNUT)                    
04M17N02E10 0.01 07 07-AUG-96 G 2.11804 0.02150 WALNUT (ENGLISH WALNUT, PERSIAN WALNUT)                    
04M18N02E11 19.22 08 08-FEB-92 G 2.44898 47.06438 PRUNE                                                      
04M18N02E11 19.22 08 26-JUN-92 G 0.73472 14.11974 PRUNE                                                      
04M18N02E11 19.22 08 04-FEB-93 G 1.18015 22.68013 PRUNE                                                      
04M18N02E11 19.22 08 12-FEB-93 A 1.29817 24.94814 PRUNE                                                      
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PUR Cell 
Assigned 


Watershed 
A


Application 
Link Date Type Rate Total Mass Crop 


 (ha)    (kg/ha) (kg) 


04M18N02E11 19.22 08 04-FEB-94 G 2.95038 56.70034 PRUNE                                                      
04M18N02E11 19.22 08 14-FEB-95 A 2.44902 47.06513 PRUNE                                                      
04M18N02E11 19.22 08 16-FEB-96 A 3.06840 58.96836 PRUNE                                                      
04M18N02E11 19.22 08 18-MAY-98 G 0.46715 8.97775 PRUNE                                                      
04M18N02E11 19.22 08 23-FEB-00 A 2.35040 45.16985 PRUNE                                                      
04M18N02E12 2.49 09 26-FEB-92 A 1.45880 3.62881 PEACH                                                      
04M18N02E12 2.49 09 01-MAR-93 A 1.45880 3.62881 PEACH                                                      
04M18N02E12 2.49 09 24-FEB-94 A 2.17507 5.41057 PEACH                                                      
04M18N02E12 82.13 10 24-JAN-92 G 0.04584 3.76449 PLUM (INCLUDES WILD PLUMS FOR HUMAN CONSUMPTION)  
04M18N02E12 82.13 10 26-FEB-92 A 0.08837 7.25763 PLUM (INCLUDES WILD PLUMS FOR HUMAN CONSUMPTION)  
04M18N02E12 82.13 10 04-FEB-93 A 0.20712 17.01006 PLUM (INCLUDES WILD PLUMS FOR HUMAN CONSUMPTION)  
04M18N02E12 82.13 10 23-JUL-93 G 0.00276 0.22643 PLUM (INCLUDES WILD PLUMS FOR HUMAN CONSUMPTION)  
04M18N02E12 82.13 10 18-JAN-94 A 1.17366 96.39009 PLUM (INCLUDES WILD PLUMS FOR HUMAN CONSUMPTION)  
04M18N02E12 82.13 10 25-FEB-94 A 0.06638 5.45189 PLUM (INCLUDES WILD PLUMS FOR HUMAN CONSUMPTION)  
04M18N02E12 82.13 10 07-FEB-95 A 0.09665 7.93798 PLUM (INCLUDES WILD PLUMS FOR HUMAN CONSUMPTION)  
04M18N02E12 82.13 10 15-FEB-95 A 1.17366 96.39009 PLUM (INCLUDES WILD PLUMS FOR HUMAN CONSUMPTION)  
04M18N02E12 82.13 10 06-FEB-96 A 1.17366 96.39009 PLUM (INCLUDES WILD PLUMS FOR HUMAN CONSUMPTION)  
04M18N02E12 82.13 10 12-FEB-96 A 0.05523 4.53600 PLUM (INCLUDES WILD PLUMS FOR HUMAN CONSUMPTION)  
04M18N02E12 82.13 10 14-JUN-96 G 0.05523 4.53600 PLUM (INCLUDES WILD PLUMS FOR HUMAN CONSUMPTION)  
04M18N02E12 82.13 10 06-FEB-97 A 0.92917 76.31042 PLUM (INCLUDES WILD PLUMS FOR HUMAN CONSUMPTION)  
04M18N02E12 82.13 10 06-MAR-97 A 0.44185 36.28800 PLUM (INCLUDES WILD PLUMS FOR HUMAN CONSUMPTION)  
04M18N02E12 82.13 10 01-MAR-98 A 0.92917 76.31042 PLUM (INCLUDES WILD PLUMS FOR HUMAN CONSUMPTION)  
04M18N02E12 82.13 10 21-JUN-98 G 0.08837 7.25763 PLUM (INCLUDES WILD PLUMS FOR HUMAN CONSUMPTION)  
04M18N02E12 82.13 10 14-JAN-99 G 0.93855 77.08119 PLUM (INCLUDES WILD PLUMS FOR HUMAN CONSUMPTION)  
04M18N02E12 82.13 10 20-FEB-99 A 0.06363 5.22546 PLUM (INCLUDES WILD PLUMS FOR HUMAN CONSUMPTION)  
04M18N02E12 82.13 10 13-JAN-00 G 0.22384 18.38340 PLUM (INCLUDES WILD PLUMS FOR HUMAN CONSUMPTION)  
04M18N02E12 82.13 10 19-FEB-00 A 0.93499 76.78832 PLUM (INCLUDES WILD PLUMS FOR HUMAN CONSUMPTION)  
04M18N02E12 82.13 10 03-MAR-00 A 0.06628 5.44318 PLUM (INCLUDES WILD PLUMS FOR HUMAN CONSUMPTION)  
04M18N02E12 82.13 10 14-FEB-01 A 0.93499 76.78832 PLUM (INCLUDES WILD PLUMS FOR HUMAN CONSUMPTION)  
04M18N02E12 5.02 11 06-MAY-93 G 0.18733 0.94058 WALNUT (ENGLISH WALNUT, PERSIAN WALNUT)                    
04M18N02E12 5.02 11 27-MAY-94 G 0.90340 4.53600 WALNUT (ENGLISH WALNUT, PERSIAN WALNUT)                    
04M18N02E13 38.96 12 08-MAR-93 G 0.02334 0.90933 PRUNE                                                      
04M18N02E13 38.96 12 10-MAR-93 G 0.02334 0.90933 PRUNE                                                      
04M18N02E13 38.96 12 16-MAR-93 G 0.23342 9.09344 PRUNE                                                      
04M18N02E13 38.96 12 21-MAY-93 G 0.42016 16.36818 PRUNE                                                      
04M18N02E13 38.96 12 30-JAN-94 G 0.02331 0.90805 PRUNE                                                      
04M18N02E13 38.96 12 15-FEB-95 G 0.02331 0.90805 PRUNE                                                      
04M18N02E13 38.96 12 01-MAR-96 G 0.21008 8.18407 PRUNE                                                      
04M18N02E13 38.96 12 17-JAN-97 G 0.23342 9.09344 PRUNE                                                      
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PUR Cell 
Assigned 


Watershed 
A


Application 
Link Date Type Rate Total Mass Crop 


 (ha)    (kg/ha) (kg) 


04M18N02E13 38.96 12 27-APR-98 G 0.02334 0.90933 PRUNE                                                      
04M18N02E13 90.90 13 08-JUN-92 G 0.10004 9.09435 WALNUT (ENGLISH WALNUT, PERSIAN WALNUT)                    
04M18N02E13 90.90 13 08-JUL-92 G 0.10004 9.09435 WALNUT (ENGLISH WALNUT, PERSIAN WALNUT)                    
04M18N02E13 90.90 13 31-JUL-92 G 0.57092 51.89890 WALNUT (ENGLISH WALNUT, PERSIAN WALNUT)                    
04M18N02E13 90.90 13 07-MAY-93 G 0.34256 31.13981 WALNUT (ENGLISH WALNUT, PERSIAN WALNUT)                    
04M18N02E13 90.90 13 13-MAY-93 G 0.31142 28.30890 WALNUT (ENGLISH WALNUT, PERSIAN WALNUT)                    
04M18N02E13 90.90 13 28-MAY-95 G 0.14273 12.97475 WALNUT (ENGLISH WALNUT, PERSIAN WALNUT)                    
04M18N02E13 90.90 13 17-AUG-95 G 0.27501 24.99946 WALNUT (ENGLISH WALNUT, PERSIAN WALNUT)                    
04M18N02E13 90.90 13 07-AUG-96 G 0.49502 44.99905 WALNUT (ENGLISH WALNUT, PERSIAN WALNUT)                    
04M18N02E13 90.90 13 09-AUG-96 G 0.33015 30.01134 WALNUT (ENGLISH WALNUT, PERSIAN WALNUT)                    
04M18N02E14 18.64 14 16-MAY-94 G 0.18251 3.40198 PRUNE                                                      
04M18N02E23 9.77 15 28-JAN-94 G 1.29964 12.70080 PRUNE                                                      
04M18N02E23 9.77 15 01-MAR-96 A 1.29964 12.70080 PRUNE                                                      
04M18N02E24 43.68 16 01-JUN-95 A 0.15578 6.80400 PRUNE                                                      
04M18N02E24 43.68 16 15-FEB-96 A 1.29814 56.70002 PRUNE                                                      
04M18N02E24 43.68 16 27-MAY-96 G 0.15578 6.80400 PRUNE                                                      
04M18N02E24 43.68 16 26-FEB-97 A 0.29078 12.70080 PRUNE                                                      
04M18N02E24 43.68 16 03-FEB-99 G 0.26991 11.78890 PRUNE                                                      
04M18N02E24 43.68 16 19-FEB-00 G 0.26888 11.74408 PRUNE                                                      
04M18N02E24 43.68 16 01-MAR-00 A 0.72391 31.61870 PRUNE                                                      
04M18N02E24 9.07 17 27-APR-92 G 1.49981 13.60800 WALNUT (ENGLISH WALNUT, PERSIAN WALNUT)                    
04M18N02E25 14.04 18 30-JAN-92 G 1.67560 23.53204 PEACH                                                      
04M18N02E25 14.04 18 01-FEB-93 G 1.00539 14.11965 PEACH                                                      
04M18N02E25 14.04 18 14-JAN-94 G 2.42239 34.02000 PEACH                                                      
04M18N02E25 14.04 18 02-FEB-96 G 2.42239 34.02000 PEACH                                                      
04M18N02E25 14.04 18 11-JAN-97 G 1.91777 26.93307 PEACH                                                      
04M18N02E25 14.04 18 15-FEB-98 A 1.91777 26.93307 PEACH                                                      
04M18N02E25 14.04 18 23-DEC-98 G 0.64571 9.06837 PEACH                                                      
04M18N02E25 14.04 18 21-FEB-00 A 0.72431 10.17219 PEACH                                                      
04M18N02E25 45.51 19 03-FEB-92 G 0.72384 32.94438 PRUNE                                                      
04M18N02E25 45.51 19 28-FEB-92 G 0.05232 2.38141 PRUNE                                                      
04M18N02E25 45.51 19 20-APR-92 G 0.72384 32.94438 PRUNE                                                      
04M18N02E25 45.51 19 04-FEB-93 G 0.69764 31.75197 PRUNE                                                      
04M18N02E25 45.51 19 08-MAR-93 G 0.39865 18.14400 PRUNE                                                      
04M18N02E25 45.51 19 14-JAN-94 G 0.37373 17.00998 PRUNE                                                      
04M18N02E25 45.51 19 15-JAN-94 G 0.49831 22.67997 PRUNE                                                      
04M18N02E25 45.51 19 05-FEB-94 G 0.74747 34.01996 PRUNE                                                      
04M18N02E25 45.51 19 11-FEB-95 A 1.27836 58.18263 PRUNE                                                      
04M18N02E25 45.51 19 14-FEB-95 A 0.69736 31.73927 PRUNE                                                      
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04M18N02E25 45.51 19 14-FEB-96 G 2.24241 102.05993 PRUNE                                                      
04M18N02E25 45.51 19 17-JAN-97 G 1.77527 80.79911 PRUNE                                                      
04M18N02E25 45.51 19 23-FEB-00 A 1.78639 81.30513 PRUNE                                                      
04M18N02E25 64.81 20 23-JUN-92 G 0.26244 17.00993 WALNUT (ENGLISH WALNUT, PERSIAN WALNUT)                    
04M18N02E25 64.81 20 10-AUG-92 G 0.31493 20.41195 WALNUT (ENGLISH WALNUT, PERSIAN WALNUT)                    
04M18N02E25 64.81 20 12-JUN-94 A 0.29744 19.27797 WALNUT (ENGLISH WALNUT, PERSIAN WALNUT)                    
04M18N02E25 64.81 20 12-JUL-94 G 0.14697 9.52559 WALNUT (ENGLISH WALNUT, PERSIAN WALNUT)                    
04M18N02E25 64.81 20 26-MAY-95 G 0.34978 22.67085 WALNUT (ENGLISH WALNUT, PERSIAN WALNUT)                    
04M18N02E25 64.81 20 12-AUG-96 G 0.76183 49.37716 WALNUT (ENGLISH WALNUT, PERSIAN WALNUT)                    
04M18N02E25 64.81 20 11-SEP-96 G 0.96229 62.36984 WALNUT (ENGLISH WALNUT, PERSIAN WALNUT)                    
04M18N02E26 73.50 21 24-FEB-92 A 1.83148 134.60645 PRUNE                                                      
04M18N02E26 73.50 21 25-FEB-92 A 0.08964 6.58849 PRUNE                                                      
04M18N02E26 73.50 21 02-FEB-93 G 0.34562 25.40165 PRUNE                                                      
04M18N02E26 73.50 21 03-FEB-93 A 0.86405 63.50417 PRUNE                                                      
04M18N02E26 73.50 21 06-FEB-93 A 1.26521 92.98832 PRUNE                                                      
04M18N02E26 73.50 21 28-JAN-94 G 0.34562 25.40165 PRUNE                                                      
04M18N02E26 73.50 21 15-FEB-94 G 1.66571 122.42344 PRUNE                                                      
04M18N02E26 73.50 21 30-APR-94 G 0.04935 3.62733 PRUNE                                                      
04M18N02E26 73.50 21 07-FEB-95 A 0.34562 25.40165 PRUNE                                                      
04M18N02E26 73.50 21 10-FEB-95 A 1.66497 122.36905 PRUNE                                                      
04M18N02E26 73.50 21 23-JUL-95 G 0.01543 1.13397 PRUNE                                                      
04M18N02E26 73.50 21 14-FEB-96 A 3.97606 292.22468 PRUNE                                                      
04M18N02E26 73.50 21 22-FEB-96 A 0.36646 26.93317 PRUNE                                                      
04M18N02E26 73.50 21 01-MAR-96 G 0.34562 25.40165 PRUNE                                                      
04M18N02E26 73.50 21 01-FEB-97 A 1.04440 76.75949 PRUNE                                                      
04M18N02E26 73.50 21 07-FEB-97 A 1.03830 76.31065 PRUNE                                                      
04M18N02E26 73.50 21 26-FEB-97 A 0.34562 25.40165 PRUNE                                                      
04M18N02E26 73.50 21 05-MAR-97 A 0.27484 20.19989 PRUNE                                                      
04M18N02E26 73.50 21 28-FEB-98 A 3.05381 224.44296 PRUNE                                                      
04M18N02E26 73.50 21 19-FEB-00 A 2.21251 162.61097 PRUNE                                                      
04M18N02E26 73.50 21 01-MAR-01 A 2.23710 164.41780 PRUNE                                                      
04M18N02E34 3.54 22 15-FEB-93 G 2.65594 9.41456 PEACH                                                      
04M18N02E34 3.54 22 09-JUN-93 G 1.91948 6.80400 PEACH                                                      
04M18N02E34 3.54 22 13-FEB-94 G 0.01600 0.05670 PEACH                                                      
04M18N02E34 3.54 22 21-DEC-94 G 0.01600 0.05670 PEACH                                                      
04M18N02E34 3.54 22 04-DEC-96 G 1.27965 4.53600 PEACH                                                      
04M18N02E34 3.54 22 27-DEC-97 G 1.26635 4.48885 PEACH                                                      
04M18N02E34 3.54 22 12-DEC-98 G 1.27914 4.53418 PEACH                                                      
04M18N02E34 3.54 22 14-DEC-99 G 1.27914 4.53418 PEACH                                                      
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04M18N02E34 43.55 23 08-FEB-92 G 1.23192 53.65448 PRUNE                                                      
04M18N02E34 43.55 23 26-FEB-92 A 1.83706 80.01039 PRUNE                                                      
04M18N02E34 43.55 23 15-FEB-93 G 1.18728 51.71021 PRUNE                                                      
04M18N02E34 43.55 23 28-FEB-93 A 3.54101 154.22338 PRUNE                                                      
04M18N02E34 43.55 23 18-JAN-94 G 0.65613 28.57670 PRUNE                                                      
04M18N02E34 43.55 23 05-FEB-95 G 0.83285 36.27334 PRUNE                                                      
04M18N02E34 43.55 23 30-JUL-95 G 0.10415 4.53596 PRUNE                                                      
04M18N02E34 43.55 23 17-JAN-96 G 0.83285 36.27334 PRUNE                                                      
04M18N02E34 43.55 23 19-JUN-96 G 0.06184 2.69330 PRUNE                                                      
04M18N02E34 43.55 23 08-FEB-97 G 1.17494 51.17263 PRUNE                                                      
04M18N02E34 43.55 23 09-FEB-97 A 1.75210 76.31004 PRUNE                                                      
04M18N02E34 43.55 23 24-FEB-98 A 1.75210 76.31004 PRUNE                                                      
04M18N02E34 43.55 23 25-FEB-98 G 0.82452 35.91062 PRUNE                                                      
04M18N02E34 43.55 23 16-JAN-99 G 0.74077 32.26289 PRUNE                                                      
04M18N02E34 43.55 23 03-FEB-99 A 1.76980 77.08085 PRUNE                                                      
04M18N02E34 43.55 23 19-FEB-00 A 1.86678 81.30489 PRUNE                                                      
04M18N02E34 43.55 23 01-FEB-01 A 0.47707 20.77793 PRUNE                                                      
04M18N02E35 39.62 24 26-DEC-92 G 0.40069 15.87587 PEACH                                                      
04M18N02E35 39.62 24 30-JAN-93 G 0.57242 22.67981 PEACH                                                      
04M18N02E35 39.62 24 28-DEC-93 G 2.28967 90.71921 PEACH                                                      
04M18N02E35 39.62 24 05-JAN-96 G 0.48083 19.05103 PEACH                                                      
04M18N02E35 39.62 24 10-JAN-96 G 0.45793 18.14383 PEACH                                                      
04M18N02E35 39.62 24 20-JUN-97 G 0.45793 18.14383 PEACH                                                      
04M18N02E35 39.62 24 17-JAN-99 G 0.42857 16.98039 PEACH                                                      
04M18N02E35 112.49 25 07-FEB-92 A 0.12097 13.60795 PRUNE                                                      
04M18N02E35 112.49 25 24-FEB-92 G 0.08367 9.41241 PRUNE                                                      
04M18N02E35 112.49 25 26-FEB-92 A 0.29839 33.56635 PRUNE                                                      
04M18N02E35 112.49 25 28-FEB-92 G 0.04428 4.98164 PRUNE                                                      
04M18N02E35 112.49 25 30-JAN-93 G 0.40323 45.36001 PRUNE                                                      
04M18N02E35 112.49 25 07-FEB-93 G 0.10081 11.33997 PRUNE                                                      
04M18N02E35 112.49 25 25-FEB-93 G 0.02016 2.26797 PRUNE                                                      
04M18N02E35 112.49 25 28-FEB-93 A 0.38477 43.28440 PRUNE                                                      
04M18N02E35 112.49 25 11-MAR-93 G 0.04839 5.44320 PRUNE                                                      
04M18N02E35 112.49 25 18-DEC-93 G 0.50403 56.69998 PRUNE                                                      
04M18N02E35 112.49 25 19-JAN-94 G 0.08028 9.03117 PRUNE                                                      
04M18N02E35 112.49 25 14-FEB-94 A 0.20441 22.99482 PRUNE                                                      
04M18N02E35 112.49 25 01-FEB-95 G 0.13710 15.42235 PRUNE                                                      
04M18N02E35 112.49 25 07-FEB-95 A 0.12024 13.52639 PRUNE                                                      
04M18N02E35 112.49 25 15-FEB-95 A 0.16452 18.50691 PRUNE                                                      







 


 


W
EI 722.02 


 
Page 96 of 149 


PUR Cell 
Assigned 


Watershed 
A


Application 
Link Date Type Rate Total Mass Crop 


 (ha)    (kg/ha) (kg) 


04M18N02E35 112.49 25 22-FEB-95 G 0.07215 8.11581 PRUNE                                                      
04M18N02E35 112.49 25 26-FEB-95 A 0.04839 5.44320 PRUNE                                                      
04M18N02E35 112.49 25 13-JAN-96 G 0.40323 45.36001 PRUNE                                                      
04M18N02E35 112.49 25 17-JAN-96 G 0.08065 9.07200 PRUNE                                                      
04M18N02E35 112.49 25 28-FEB-96 G 0.10484 11.79355 PRUNE                                                      
04M18N02E35 112.49 25 02-MAR-96 A 0.04032 4.53594 PRUNE                                                      
04M18N02E35 112.49 25 08-MAR-96 G 0.06012 6.76319 PRUNE                                                      
04M18N02E35 112.49 25 23-JAN-97 G 0.13710 15.42235 PRUNE                                                      
04M18N02E35 112.49 25 07-FEB-97 G 0.07981 8.97773 PRUNE                                                      
04M18N02E35 112.49 25 09-FEB-97 A 0.13567 15.26204 PRUNE                                                      
04M18N02E35 112.49 25 15-FEB-97 G 0.04810 5.41058 PRUNE                                                      
04M18N02E35 112.49 25 26-FEB-97 A 0.04032 4.53594 PRUNE                                                      
04M18N02E35 112.49 25 22-JAN-98 G 0.09677 10.88640 PRUNE                                                      
04M18N02E35 112.49 25 26-FEB-98 A 0.07981 8.97773 PRUNE                                                      
04M18N02E35 112.49 25 12-MAR-98 G 0.03226 3.62880 PRUNE                                                      
04M18N02E35 112.49 25 22-JUN-98 G 0.07561 8.50504 PRUNE                                                      
04M18N02E35 112.49 25 15-JAN-99 G 0.08061 9.06840 PRUNE                                                      
04M18N02E35 112.49 25 16-JAN-99 G 0.37737 42.45128 PRUNE                                                      
04M18N02E35 112.49 25 02-MAR-99 G 0.03225 3.62734 PRUNE                                                      
04M18N02E35 112.49 25 31-DEC-00 G 0.00807 0.90793 PRUNE                                                      
04M18N02E35 17.91 26 05-AUG-93 A 0.63314 11.34000 WALNUT (ENGLISH WALNUT, PERSIAN WALNUT)                    
04M18N02E35 17.91 26 13-AUG-93 G 0.50582 9.05966 WALNUT (ENGLISH WALNUT, PERSIAN WALNUT)                    
04M18N02E36 19.61 27 09-JUN-94 G 0.34695 6.80400 WALNUT (ENGLISH WALNUT, PERSIAN WALNUT)                    
04M18N02E36 19.61 27 14-JUL-94 G 3.12251 61.23601 WALNUT (ENGLISH WALNUT, PERSIAN WALNUT)                    
04M18N03E07 11.70 28 04-FEB-92 G 2.41307 28.23933 PEACH                                                      
04M18N03E07 11.70 28 02-FEB-93 G 2.41307 28.23933 PEACH                                                      
04M18N03E07 11.70 28 19-JAN-94 G 2.90703 34.02001 PEACH                                                      
04M18N03E07 116.63 29 06-FEB-92 G 0.39389 45.93872 PRUNE                                                      
04M18N03E07 116.63 29 26-FEB-92 A 0.78780 91.87965 PRUNE                                                      
04M18N03E07 116.63 29 03-FEB-93 G 0.37963 44.27537 PRUNE                                                      
04M18N03E07 116.63 29 25-FEB-93 A 1.51852 177.10148 PRUNE                                                      
04M18N03E07 116.63 29 09-JUL-93 G 0.00474 0.55258 PRUNE                                                      
04M18N03E07 116.63 29 15-JUL-93 G 0.11389 13.28261 PRUNE                                                      
04M18N03E07 116.63 29 23-JUL-93 G 0.00474 0.55258 PRUNE                                                      
04M18N03E07 116.63 29 20-JAN-94 G 0.47454 55.34427 PRUNE                                                      
04M18N03E07 116.63 29 05-MAY-94 G 0.00379 0.44214 PRUNE                                                      
04M18N03E07 116.63 29 24-MAY-94 G 0.00379 0.44214 PRUNE                                                      
04M18N03E07 116.63 29 11-FEB-95 A 0.37948 44.25764 PRUNE                                                      
04M18N03E07 116.63 29 14-FEB-96 G 0.47454 55.34427 PRUNE                                                      







 


 


W
EI 722.02 


 
Page 97 of 149 


PUR Cell 
Assigned 


Watershed 
A


Application 
Link Date Type Rate Total Mass Crop 


 (ha)    (kg/ha) (kg) 


04M18N03E07 116.63 29 09-FEB-97 A 0.67623 78.86714 PRUNE                                                      
04M18N03E07 116.63 29 22-MAY-97 G 0.03796 4.42754 PRUNE                                                      
04M18N03E07 116.63 29 10-JUN-97 G 0.51250 59.77181 PRUNE                                                      
04M18N03E07 116.63 29 20-FEB-98 A 0.75137 87.63020 PRUNE                                                      
04M18N03E07 116.63 29 15-FEB-99 A 0.75896 88.51540 PRUNE                                                      
04M18N03E07 116.63 29 15-JAN-00 G 0.15386 17.94387 PRUNE                                                      
04M18N03E07 116.63 29 19-FEB-00 A 0.75607 88.17905 PRUNE                                                      
04M18N03E07 116.63 29 23-FEB-00 A 0.60486 70.54319 PRUNE                                                      
04M18N03E07 116.63 29 28-FEB-01 G 0.56706 66.13432 PRUNE                                                      
04M18N03E18 111.33 30 25-FEB-92 A 0.35794 39.84828 PRUNE                                                      
04M18N03E18 111.33 30 26-FEB-92 A 0.37460 41.70243 PRUNE                                                      
04M18N03E18 111.33 30 04-JUN-92 G 0.00501 0.55819 PRUNE                                                      
04M18N03E18 111.33 30 18-JUL-92 G 0.04011 4.46564 PRUNE                                                      
04M18N03E18 111.33 30 25-FEB-93 A 0.72204 80.38234 PRUNE                                                      
04M18N03E18 111.33 30 13-JUL-93 G 0.40114 44.65692 PRUNE                                                      
04M18N03E18 111.33 30 09-FEB-97 A 0.35727 39.77336 PRUNE                                                      
04M18N03E18 111.33 30 20-FEB-98 A 0.35727 39.77336 PRUNE                                                      
04M18N03E18 111.33 30 21-JAN-99 G 0.33682 37.49674 PRUNE                                                      
04M18N03E18 111.33 30 15-FEB-99 A 0.36088 40.17514 PRUNE                                                      
04M18N03E18 111.33 30 19-FEB-00 A 0.35951 40.02251 PRUNE                                                      
04M18N03E19 109.08 31 26-FEB-92 A 0.60405 65.89106 PRUNE                                                      
04M18N03E19 109.08 31 27-JAN-93 G 1.07865 117.66255 PRUNE                                                      
04M18N03E19 109.08 31 25-FEB-93 A 1.16433 127.00822 PRUNE                                                      
04M18N03E19 109.08 31 26-JUL-93 G 0.12475 13.60798 PRUNE                                                      
04M18N03E19 109.08 31 13-JAN-94 A 0.72747 79.35483 PRUNE                                                      
04M18N03E19 109.08 31 28-DEC-94 A 0.72747 79.35483 PRUNE                                                      
04M18N03E19 109.08 31 13-JAN-96 A 0.72747 79.35483 PRUNE                                                      
04M18N03E19 109.08 31 05-JUN-96 G 0.02079 2.26805 PRUNE                                                      
04M18N03E19 109.08 31 03-JAN-97 G 1.42906 155.88540 PRUNE                                                      
04M18N03E19 109.08 31 09-FEB-97 A 0.74072 80.79931 PRUNE                                                      
04M18N03E19 109.08 31 24-FEB-98 A 0.74072 80.79931 PRUNE                                                      
04M18N03E19 109.08 31 11-JAN-99 G 0.79725 86.96576 PRUNE                                                      
04M18N03E19 109.08 31 15-FEB-99 A 0.74820 81.61546 PRUNE                                                      
04M18N03E19 109.08 31 22-JAN-00 A 1.26425 137.90767 PRUNE                                                      
04M18N03E19 109.08 31 19-FEB-00 A 0.74535 81.30534 PRUNE                                                      
04M18N03E20 15.55 32 16-JAN-92 G 0.32983 5.12915 PRUNE                                                      
04M18N03E20 15.55 32 31-DEC-93 G 1.45127 22.56830 PRUNE                                                      
04M18N03E20 15.55 32 07-JAN-94 G 0.17151 2.66716 PRUNE                                                      
04M18N03E20 15.55 32 17-JAN-95 A 0.65967 10.25832 PRUNE                                                      
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04M18N03E29 19.15 33 15-JAN-92 G 0.00126 0.02407 NECTARINE                                                  
04M18N03E29 19.15 33 18-JAN-92 G 2.04565 39.17359 NECTARINE                                                  
04M18N03E29 19.15 33 15-FEB-92 G 0.00252 0.04816 NECTARINE                                                  
04M18N03E29 19.15 33 14-MAR-92 G 0.00126 0.02407 NECTARINE                                                  
04M18N03E29 19.15 33 03-FEB-93 A 0.12574 2.40782 NECTARINE                                                  
04M18N03E29 19.15 33 04-FEB-93 G 1.64967 31.59062 NECTARINE                                                  
04M18N03E29 19.15 33 05-FEB-93 G 0.00277 0.05297 NECTARINE                                                  
04M18N03E29 19.15 33 25-FEB-93 G 0.00251 0.04814 NECTARINE                                                  
04M18N03E29 19.15 33 30-JUN-93 G 0.48283 9.24604 NECTARINE                                                  
04M18N03E29 19.15 33 02-JUL-93 G 0.40236 7.70503 NECTARINE                                                  
04M18N03E29 19.15 33 22-JAN-94 G 0.22633 4.33407 NECTARINE                                                  
04M18N03E29 19.15 33 01-FEB-94 G 0.00252 0.04816 NECTARINE                                                  
04M18N03E29 19.15 33 25-MAR-94 G 0.00252 0.04816 NECTARINE                                                  
04M18N03E29 19.15 33 30-APR-94 G 0.00252 0.04816 NECTARINE                                                  
04M18N03E29 19.15 33 04-FEB-95 G 0.75442 14.44692 NECTARINE                                                  
04M18N03E29 19.15 33 07-FEB-95 A 0.60354 11.55754 NECTARINE                                                  
04M18N03E29 19.15 33 11-JAN-96 G 0.00025 0.00481 NECTARINE                                                  
04M18N03E29 19.15 33 29-JAN-97 G 0.00252 0.04816 NECTARINE                                                  
04M18N03E29 19.15 33 08-FEB-97 G 1.13480 21.73104 NECTARINE                                                  
04M18N03E29 19.15 33 15-FEB-98 G 1.15471 22.11229 NECTARINE                                                  
04M18N03E29 19.15 33 25-JAN-99 G 0.40220 7.70195 NECTARINE                                                  
04M18N03E29 19.15 33 11-FEB-99 G 0.76417 14.63369 NECTARINE                                                  
04M18N03E29 19.15 33 09-FEB-00 G 1.15182 22.05701 NECTARINE                                                  
04M18N03E29 19.15 33 05-FEB-01 G 0.82850 15.86557 NECTARINE                                                  
04M18N03E29 27.41 34 26-FEB-92 G 1.43763 39.41218 PRUNE                                                      
04M18N03E29 27.41 34 29-FEB-92 G 0.19984 5.47854 PRUNE                                                      
04M18N03E29 27.41 34 27-FEB-93 G 1.66533 45.65450 PRUNE                                                      
04M18N03E29 27.41 34 02-MAR-93 A 0.19984 5.47854 PRUNE                                                      
04M18N03E29 27.41 34 23-JAN-94 G 0.83267 22.82725 PRUNE                                                      
04M18N03E29 27.41 34 29-JAN-94 A 0.31783 8.71309 PRUNE                                                      
04M18N03E29 27.41 34 23-FEB-94 G 1.38223 37.89324 PRUNE                                                      
04M18N03E29 27.41 34 22-FEB-95 G 2.74921 75.36866 PRUNE                                                      
04M18N03E29 27.41 34 08-FEB-96 A 0.31783 8.71309 PRUNE                                                      
04M18N03E29 27.41 34 28-FEB-96 G 1.86517 51.13304 PRUNE                                                      
04M18N03E29 27.41 34 22-FEB-98 G 1.47663 40.48116 PRUNE                                                      
04M18N03E29 27.41 34 01-MAR-98 A 0.21316 5.84379 PRUNE                                                      
04M18N03E29 27.41 34 03-MAR-98 G 0.43508 11.92748 PRUNE                                                      
04M18N03E29 27.41 34 02-FEB-99 G 1.03875 28.47702 PRUNE                                                      
04M18N03E29 27.41 34 26-FEB-99 G 0.80292 22.01164 PRUNE                                                      
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04M18N03E29 27.41 34 12-FEB-00 G 1.90023 52.09420 PRUNE                                                      
04M18N03E29 27.41 34 22-FEB-00 G 1.90023 52.09420 PRUNE                                                      
04M18N03E29 27.41 34 18-FEB-01 G 1.64598 45.12386 PRUNE                                                      
04M18N03E29 27.41 34 15-MAR-01 G 0.20073 5.50292 PRUNE                                                      
04M18N03E29 0.88 35 02-MAY-92 G 0.03174 0.02787 WALNUT (ENGLISH WALNUT, PERSIAN WALNUT)                    
04M18N03E29 0.88 35 04-MAY-93 G 0.01757 0.01543 WALNUT (ENGLISH WALNUT, PERSIAN WALNUT)                    
04M18N03E29 0.88 35 06-MAY-93 G 0.37689 0.33099 WALNUT (ENGLISH WALNUT, PERSIAN WALNUT)                    
04M18N03E29 0.88 35 24-AUG-93 G 0.02635 0.02314 WALNUT (ENGLISH WALNUT, PERSIAN WALNUT)                    
04M18N03E29 0.88 35 09-SEP-93 G 0.02196 0.01928 WALNUT (ENGLISH WALNUT, PERSIAN WALNUT)                    
04M18N03E29 0.88 35 28-APR-94 G 0.02635 0.02314 WALNUT (ENGLISH WALNUT, PERSIAN WALNUT)                    
04M18N03E29 0.88 35 22-MAY-94 A 0.26345 0.23136 WALNUT (ENGLISH WALNUT, PERSIAN WALNUT)                    
04M18N03E29 0.88 35 17-JUN-94 G 0.39517 0.34704 WALNUT (ENGLISH WALNUT, PERSIAN WALNUT)                    
04M18N03E29 0.88 35 09-AUG-94 G 0.22832 0.20051 WALNUT (ENGLISH WALNUT, PERSIAN WALNUT)                    
04M18N03E29 0.88 35 26-MAY-95 G 0.08782 0.07712 WALNUT (ENGLISH WALNUT, PERSIAN WALNUT)                    
04M18N03E29 0.88 35 01-JUL-95 G 0.43971 0.38616 WALNUT (ENGLISH WALNUT, PERSIAN WALNUT)                    
04M18N03E29 0.88 35 16-AUG-95 G 0.15863 0.13931 WALNUT (ENGLISH WALNUT, PERSIAN WALNUT)                    
04M18N03E29 0.88 35 21-AUG-96 G 0.34277 0.30102 WALNUT (ENGLISH WALNUT, PERSIAN WALNUT)                    
04M18N03E30 34.83 36 31-JAN-93 A 0.84655 29.48398 PEACH                                                      
04M18N03E30 34.83 36 29-JAN-96 G 0.52096 18.14398 PEACH                                                      
04M18N03E30 34.83 36 01-FEB-00 G 1.03754 36.13563 PEACH                                                      
04M18N03E30 34.83 36 03-JAN-01 G 1.17133 40.79555 PEACH                                                      
04M18N03E30 114.13 37 23-JAN-92 G 0.08247 9.41236 PRUNE                                                      
04M18N03E30 114.13 37 24-JAN-92 G 0.19844 22.64806 PRUNE                                                      
04M18N03E30 114.13 37 30-JAN-92 G 0.15876 18.11929 PRUNE                                                      
04M18N03E30 114.13 37 02-FEB-93 G 0.16496 18.82689 PRUNE                                                      
04M18N03E30 114.13 37 03-FEB-93 G 0.19872 22.68001 PRUNE                                                      
04M18N03E30 114.13 37 24-MAY-93 G 0.13911 15.87596 PRUNE                                                      
04M18N03E30 114.13 37 27-DEC-93 G 0.31796 36.28800 PRUNE                                                      
04M18N03E30 114.13 37 17-JAN-94 G 0.54649 62.36998 PRUNE                                                      
04M18N03E30 114.13 37 19-DEC-94 G 0.19872 22.68001 PRUNE                                                      
04M18N03E30 114.13 37 02-JAN-95 G 0.31001 35.38079 PRUNE                                                      
04M18N03E30 114.13 37 16-FEB-95 G 0.42725 48.76200 PRUNE                                                      
04M18N03E30 114.13 37 10-JAN-96 G 0.38751 44.22604 PRUNE                                                      
04M18N03E30 114.13 37 20-JAN-96 G 0.15898 18.14394 PRUNE                                                      
04M18N03E30 114.13 37 31-JAN-96 G 0.47693 54.43194 PRUNE                                                      
04M18N03E30 114.13 37 18-DEC-96 G 0.15898 18.14394 PRUNE                                                      
04M18N03E30 114.13 37 04-MAR-97 G 0.35398 40.39962 PRUNE                                                      
04M18N03E30 114.13 37 01-JUN-97 G 0.46700 53.29795 PRUNE                                                      
04M18N03E30 114.13 37 02-MAR-98 G 0.36971 42.19511 PRUNE                                                      
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04M18N03E30 114.13 37 01-FEB-00 G 0.47493 54.20346 PRUNE                                                      
04M18N03E30 114.13 37 04-JAN-01 G 0.53618 61.19331 PRUNE                                                      
04M18N03E31 22.67 38 24-JAN-92 G 0.34362 7.78961 PEACH                                                      
04M18N03E31 22.67 38 17-FEB-92 A 0.30070 6.81661 PEACH                                                      
04M18N03E31 22.67 38 24-FEB-92 A 0.22769 5.16155 PEACH                                                      
04M18N03E31 22.67 38 01-FEB-94 G 0.68308 15.48462 PEACH                                                      
04M18N03E31 22.67 38 02-FEB-95 G 0.21604 4.89739 PEACH                                                      
04M18N03E31 22.67 38 14-FEB-95 G 0.82300 18.65667 PEACH                                                      
04M18N03E31 12.91 39 23-JAN-92 G 1.19250 15.39033 PRUNE                                                      
04M18N03E31 12.91 39 24-FEB-92 G 0.36215 4.67385 PRUNE                                                      
04M18N03E31 12.91 39 25-FEB-92 G 0.50297 6.49126 PRUNE                                                      
04M18N03E31 12.91 39 29-FEB-92 G 0.26177 3.37836 PRUNE                                                      
04M18N03E31 12.91 39 02-FEB-93 G 0.09695 1.25125 PRUNE                                                      
04M18N03E31 12.91 39 13-FEB-93 G 0.34856 4.49847 PRUNE                                                      
04M18N03E31 12.91 39 14-FEB-93 G 0.48407 6.24742 PRUNE                                                      
04M18N03E31 12.91 39 15-JAN-94 G 0.19390 2.50250 PRUNE                                                      
04M18N03E31 12.91 39 23-FEB-94 G 0.34853 4.49818 PRUNE                                                      
04M18N03E31 12.91 39 24-FEB-94 G 0.48408 6.24748 PRUNE                                                      
04M18N03E31 12.91 39 17-JAN-95 A 1.45426 18.76869 PRUNE                                                      
04M18N03E31 12.91 39 03-FEB-95 G 0.72713 9.38435 PRUNE                                                      
04M18N03E31 12.91 39 05-FEB-95 G 0.63018 8.13310 PRUNE                                                      
04M18N03E31 12.91 39 07-FEB-95 G 0.60594 7.82028 PRUNE                                                      
04M18N03E31 12.91 39 06-FEB-96 G 0.17451 2.25224 PRUNE                                                      
04M18N03E31 12.91 39 08-FEB-96 G 1.01798 13.13808 PRUNE                                                      
04M18N03E31 12.91 39 16-JAN-97 G 0.17451 2.25224 PRUNE                                                      
04M18N03E31 12.91 39 09-FEB-97 G 0.80247 10.35662 PRUNE                                                      
04M18N03E31 12.91 39 26-FEB-98 A 0.88268 11.39179 PRUNE                                                      
04M18N03E31 12.91 39 04-FEB-99 G 0.89159 11.50685 PRUNE                                                      
04M18N03E31 12.91 39 09-FEB-00 A 0.88820 11.46314 PRUNE                                                      
04M18N03E31 12.91 39 01-FEB-01 A 0.88820 11.46314 PRUNE                                                      
04M18N03E31 14.56 40 23-APR-92 G 0.06052 0.88128 WALNUT (ENGLISH WALNUT, PERSIAN WALNUT)                    
04M18N03E31 14.56 40 29-APR-92 G 0.13238 1.92781 WALNUT (ENGLISH WALNUT, PERSIAN WALNUT)                    
04M18N03E31 14.56 40 16-JUN-92 G 0.05043 0.73440 WALNUT (ENGLISH WALNUT, PERSIAN WALNUT)                    
04M18N03E31 14.56 40 11-JUL-92 G 0.41605 6.05884 WALNUT (ENGLISH WALNUT, PERSIAN WALNUT)                    
04M18N03E31 14.56 40 13-JUL-92 G 0.37823 5.50803 WALNUT (ENGLISH WALNUT, PERSIAN WALNUT)                    
04M18N03E31 14.56 40 09-AUG-92 G 0.07565 1.10161 WALNUT (ENGLISH WALNUT, PERSIAN WALNUT)                    
04M18N03E31 14.56 40 10-MAY-93 G 0.06052 0.88128 WALNUT (ENGLISH WALNUT, PERSIAN WALNUT)                    
04M18N03E31 14.56 40 12-MAY-93 G 0.66189 9.63906 WALNUT (ENGLISH WALNUT, PERSIAN WALNUT)                    
04M18N03E31 14.56 40 25-JUN-93 G 0.06304 0.91801 WALNUT (ENGLISH WALNUT, PERSIAN WALNUT)                    
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04M18N03E31 14.56 40 05-AUG-93 G 0.06304 0.91801 WALNUT (ENGLISH WALNUT, PERSIAN WALNUT)                    
04M18N03E31 14.56 40 02-SEP-93 G 0.15129 2.20321 WALNUT (ENGLISH WALNUT, PERSIAN WALNUT)                    
04M18N03E31 14.56 40 12-JUL-94 G 0.41355 6.02249 WALNUT (ENGLISH WALNUT, PERSIAN WALNUT)                    
04M18N03E31 14.56 40 30-JUL-94 G 0.05673 0.82621 WALNUT (ENGLISH WALNUT, PERSIAN WALNUT)                    
04M18N03E31 14.56 40 26-AUG-94 G 0.13238 1.92781 WALNUT (ENGLISH WALNUT, PERSIAN WALNUT)                    
04M18N03E31 14.56 40 28-MAY-95 G 0.06541 0.95251 WALNUT (ENGLISH WALNUT, PERSIAN WALNUT)                    
04M18N03E31 14.56 40 12-AUG-95 G 0.05673 0.82621 WALNUT (ENGLISH WALNUT, PERSIAN WALNUT)                    
04M18N03E31 14.56 40 16-AUG-95 G 0.06301 0.91763 WALNUT (ENGLISH WALNUT, PERSIAN WALNUT)                    
04M18N03E31 14.56 40 28-JUN-96 G 0.04991 0.72677 WALNUT (ENGLISH WALNUT, PERSIAN WALNUT)                    
04M18N03E31 14.56 40 27-AUG-96 G 0.05673 0.82621 WALNUT (ENGLISH WALNUT, PERSIAN WALNUT)                    
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Daily Mass Applied (kg) for Each Lateral Drainage and the Entire Watershed 


Total And Aerial/Ground Designation Components 
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 Total Aerial Ground 
 North Middle South Entire North Mid South Entire North Mid South Entire 


Date Lateral Lateral Lateral Watershed Lateral Lateral Lateral Watershed Lateral Lateral Lateral Watershed 


15-Jan-92 0.000 0.000 0.024 0.024 0.000 0.000 0.000 0.000 0.000 0.000 0.024 0.024 
16-Jan-92 0.000 4.587 0.542 5.129 0.000 0.000 0.000 0.000 0.000 4.587 0.542 5.129 
18-Jan-92 0.000 0.000 39.174 39.174 0.000 0.000 0.000 0.000 0.000 0.000 39.174 39.174 
23-Jan-92 0.000 0.581 16.246 24.803 0.000 0.000 0.000 0.000 0.000 0.581 16.246 24.803 
24-Jan-92 0.356 1.398 12.317 34.202 0.000 0.000 0.000 0.000 0.356 1.398 12.317 34.202 
30-Jan-92 0.000 1.119 9.486 41.651 0.000 0.000 0.000 0.000 0.000 1.119 9.486 41.651 
03-Feb-92 0.000 0.000 0.000 32.944 0.000 0.000 0.000 0.000 0.000 0.000 0.000 32.944 
04-Feb-92 24.514 0.000 0.000 28.239 0.000 0.000 0.000 0.000 24.514 0.000 0.000 28.239 
06-Feb-92 37.139 0.000 0.000 45.939 0.000 0.000 0.000 0.000 37.139 0.000 0.000 45.939 
07-Feb-92 0.000 0.000 0.000 23.432 0.000 0.000 0.000 13.608 0.000 0.000 0.000 9.824 
08-Feb-92 0.000 0.000 0.000 100.719 0.000 0.000 0.000 0.000 0.000 0.000 0.000 100.719 
09-Feb-92 0.000 0.000 0.000 40.190 0.000 0.000 0.000 0.000 0.000 0.000 0.000 40.190 
15-Feb-92 0.000 0.000 0.048 0.048 0.000 0.000 0.000 0.000 0.000 0.000 0.048 0.048 
17-Feb-92 0.000 0.000 0.402 6.817 0.000 0.000 0.402 6.817 0.000 0.000 0.000 0.000 
23-Feb-92 0.000 0.000 0.000 4.458 0.000 0.000 0.000 0.000 0.000 0.000 0.000 4.458 
24-Feb-92 0.000 0.000 3.742 153.854 0.000 0.000 0.305 139.768 0.000 0.000 3.437 14.086 
25-Feb-92 0.000 0.000 4.774 94.601 0.000 0.000 0.000 46.437 0.000 0.000 4.774 48.164 
26-Feb-92 78.595 51.349 39.668 363.348 78.595 51.349 0.255 323.936 0.000 0.000 39.412 39.412 
28-Feb-92 0.000 0.000 0.000 7.363 0.000 0.000 0.000 0.000 0.000 0.000 0.000 7.363 
29-Feb-92 0.000 0.000 7.963 8.857 0.000 0.000 0.000 0.000 0.000 0.000 7.963 8.857 
14-Mar-92 0.000 0.000 0.024 0.024 0.000 0.000 0.000 0.000 0.000 0.000 0.024 0.024 
20-Apr-92 0.000 0.000 0.000 32.944 0.000 0.000 0.000 0.000 0.000 0.000 0.000 32.944 
23-Apr-92 0.000 0.000 0.256 0.881 0.000 0.000 0.000 0.000 0.000 0.000 0.256 0.881 
24-Apr-92 0.000 0.000 0.000 5.159 0.000 0.000 0.000 0.000 0.000 0.000 0.000 5.159 
27-Apr-92 0.000 0.000 0.000 13.608 0.000 0.000 0.000 0.000 0.000 0.000 0.000 13.608 
29-Apr-92 0.000 0.000 0.561 1.928 0.000 0.000 0.000 0.000 0.000 0.000 0.561 1.928 
02-May-92 0.000 0.000 0.028 0.028 0.000 0.000 0.000 0.000 0.000 0.000 0.028 0.028 
03-May-92 0.000 0.000 0.000 3.717 0.000 0.000 0.000 0.000 0.000 0.000 0.000 3.717 
04-Jun-92 0.000 0.000 0.000 0.558 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.558 
08-Jun-92 0.000 0.000 0.000 9.094 0.000 0.000 0.000 0.000 0.000 0.000 0.000 9.094 
16-Jun-92 0.000 0.000 0.214 0.734 0.000 0.000 0.000 0.000 0.000 0.000 0.214 0.734 
17-Jun-92 0.000 0.000 0.000 2.479 0.000 0.000 0.000 0.000 0.000 0.000 0.000 2.479 
23-Jun-92 0.000 0.000 0.000 17.010 0.000 0.000 0.000 0.000 0.000 0.000 0.000 17.010 
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26-Jun-92 0.000 0.000 0.000 14.120 0.000 0.000 0.000 0.000 0.000 0.000 0.000 14.120 
02-Jul-92 0.000 0.000 0.000 6.191 0.000 0.000 0.000 0.000 0.000 0.000 0.000 6.191 
08-Jul-92 0.000 0.000 0.000 9.094 0.000 0.000 0.000 0.000 0.000 0.000 0.000 9.094 
11-Jul-92 0.000 0.000 1.763 6.059 0.000 0.000 0.000 0.000 0.000 0.000 1.763 6.059 
13-Jul-92 0.000 0.000 1.602 5.508 0.000 0.000 0.000 0.000 0.000 0.000 1.602 5.508 
18-Jul-92 0.000 0.000 0.000 4.466 0.000 0.000 0.000 0.000 0.000 0.000 0.000 4.466 
31-Jul-92 0.000 0.000 0.000 60.153 0.000 0.000 0.000 8.254 0.000 0.000 0.000 51.899 
05-Aug-92 0.000 0.000 0.000 8.254 0.000 0.000 0.000 8.254 0.000 0.000 0.000 0.000 
09-Aug-92 0.000 0.000 0.320 1.102 0.000 0.000 0.000 0.000 0.000 0.000 0.320 1.102 
10-Aug-92 0.000 0.000 0.000 20.412 0.000 0.000 0.000 0.000 0.000 0.000 0.000 20.412 
26-Aug-92 0.000 0.000 0.000 2.064 0.000 0.000 0.000 0.000 0.000 0.000 0.000 2.064 
26-Dec-92 0.000 0.000 0.000 15.876 0.000 0.000 0.000 0.000 0.000 0.000 0.000 15.876 
24-Jan-93 0.000 0.000 0.000 13.397 0.000 0.000 0.000 0.000 0.000 0.000 0.000 13.397 
27-Jan-93 0.000 91.694 0.456 117.663 0.000 0.000 0.000 0.000 0.000 91.694 0.456 117.663 
30-Jan-93 0.000 0.000 0.000 68.040 0.000 0.000 0.000 0.000 0.000 0.000 0.000 68.040 
31-Jan-93 0.000 0.000 28.720 29.484 0.000 0.000 28.720 29.484 0.000 0.000 0.000 0.000 
01-Feb-93 0.000 0.000 0.000 14.120 0.000 0.000 0.000 0.000 0.000 0.000 0.000 14.120 
02-Feb-93 24.514 1.163 10.777 73.719 0.000 0.000 0.000 0.000 24.514 1.163 10.777 73.719 
03-Feb-93 35.794 1.400 14.282 132.867 0.000 0.000 2.408 65.912 35.794 1.400 11.874 66.955 
04-Feb-93 1.609 0.000 31.591 103.033 1.609 0.000 0.000 17.010 0.000 0.000 31.591 86.023 
05-Feb-93 0.000 0.000 0.053 0.053 0.000 0.000 0.000 0.000 0.000 0.000 0.053 0.053 
06-Feb-93 0.000 0.000 0.000 92.988 0.000 0.000 0.000 92.988 0.000 0.000 0.000 0.000 
07-Feb-93 0.000 0.000 0.000 11.340 0.000 0.000 0.000 0.000 0.000 0.000 0.000 11.340 
12-Feb-93 0.000 0.000 0.000 24.948 0.000 0.000 0.000 24.948 0.000 0.000 0.000 0.000 
13-Feb-93 0.000 0.000 3.308 4.498 0.000 0.000 0.000 0.000 0.000 0.000 3.308 4.498 
14-Feb-93 0.000 0.000 4.594 6.247 0.000 0.000 0.000 0.000 0.000 0.000 4.594 6.247 
15-Feb-93 0.000 0.000 0.000 61.125 0.000 0.000 0.000 0.000 0.000 0.000 0.000 61.125 
25-Feb-93 143.176 98.977 0.541 455.718 143.176 98.977 0.492 384.492 0.000 0.000 0.048 71.226 
27-Feb-93 0.000 0.000 45.654 45.654 0.000 0.000 0.000 0.000 0.000 0.000 45.654 45.654 
28-Feb-93 0.000 0.000 0.000 197.508 0.000 0.000 0.000 197.508 0.000 0.000 0.000 0.000 
01-Mar-93 3.629 0.000 0.000 3.629 3.629 0.000 0.000 3.629 0.000 0.000 0.000 0.000 
02-Mar-93 0.000 0.000 5.479 5.479 0.000 0.000 5.479 5.479 0.000 0.000 0.000 0.000 
05-Mar-93 0.000 0.000 0.000 22.258 0.000 0.000 0.000 0.000 0.000 0.000 0.000 22.258 
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06-Mar-93 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
08-Mar-93 0.000 0.000 0.000 19.053 0.000 0.000 0.000 0.000 0.000 0.000 0.000 19.053 
10-Mar-93 0.000 0.000 0.000 0.909 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.909 
11-Mar-93 0.000 0.000 0.000 5.443 0.000 0.000 0.000 0.000 0.000 0.000 0.000 5.443 
16-Mar-93 0.000 0.000 0.000 9.093 0.000 0.000 0.000 0.000 0.000 0.000 0.000 9.093 
04-May-93 0.000 0.000 0.015 0.015 0.000 0.000 0.000 0.000 0.000 0.000 0.015 0.015 
06-May-93 0.875 0.000 0.331 1.272 0.000 0.000 0.000 0.000 0.875 0.000 0.331 1.272 
07-May-93 0.000 0.000 0.000 31.140 0.000 0.000 0.000 0.000 0.000 0.000 0.000 31.140 
10-May-93 0.000 0.000 0.256 0.881 0.000 0.000 0.000 0.000 0.000 0.000 0.256 0.881 
12-May-93 0.000 0.000 2.804 9.639 0.000 0.000 0.000 0.000 0.000 0.000 2.804 9.639 
13-May-93 0.000 0.000 0.000 28.309 0.000 0.000 0.000 0.000 0.000 0.000 0.000 28.309 
21-May-93 0.000 0.000 0.000 16.368 0.000 0.000 0.000 0.000 0.000 0.000 0.000 16.368 
24-May-93 0.000 0.980 8.312 15.876 0.000 0.000 0.000 0.000 0.000 0.980 8.312 15.876 
02-Jun-93 0.000 0.000 0.000 10.717 0.000 0.000 0.000 0.000 0.000 0.000 0.000 10.717 
04-Jun-93 0.000 0.000 0.000 3.095 0.000 0.000 0.000 0.000 0.000 0.000 0.000 3.095 
09-Jun-93 0.000 0.000 0.000 6.804 0.000 0.000 0.000 0.000 0.000 0.000 0.000 6.804 
13-Jun-93 0.000 0.000 0.000 20.636 0.000 0.000 0.000 20.636 0.000 0.000 0.000 0.000 
25-Jun-93 0.000 0.000 0.267 0.918 0.000 0.000 0.000 0.000 0.000 0.000 0.267 0.918 
30-Jun-93 0.000 0.000 9.246 9.246 0.000 0.000 0.000 0.000 0.000 0.000 9.246 9.246 
01-Jul-93 0.000 0.000 0.000 1.032 0.000 0.000 0.000 0.000 0.000 0.000 0.000 1.032 
02-Jul-93 0.000 0.000 7.705 7.705 0.000 0.000 0.000 0.000 0.000 0.000 7.705 7.705 
09-Jul-93 0.447 0.000 0.000 0.553 0.000 0.000 0.000 0.000 0.447 0.000 0.000 0.553 
13-Jul-93 0.000 0.000 0.000 44.657 0.000 0.000 0.000 0.000 0.000 0.000 0.000 44.657 
15-Jul-93 10.738 0.000 0.000 13.283 0.000 0.000 0.000 0.000 10.738 0.000 0.000 13.283 
23-Jul-93 0.468 0.000 0.000 0.779 0.000 0.000 0.000 0.000 0.468 0.000 0.000 0.779 
26-Jul-93 0.000 10.605 0.053 13.608 0.000 0.000 0.000 0.000 0.000 10.605 0.053 13.608 
05-Aug-93 0.000 0.000 0.267 12.258 0.000 0.000 0.000 11.340 0.000 0.000 0.267 0.918 
13-Aug-93 0.000 0.000 0.000 9.060 0.000 0.000 0.000 0.000 0.000 0.000 0.000 9.060 
24-Aug-93 0.000 0.000 0.023 0.023 0.000 0.000 0.000 0.000 0.000 0.000 0.023 0.023 
02-Sep-93 0.000 0.000 0.641 2.203 0.000 0.000 0.000 0.000 0.000 0.000 0.641 2.203 
09-Sep-93 0.000 0.000 0.019 0.019 0.000 0.000 0.000 0.000 0.000 0.000 0.019 0.019 
18-Dec-93 0.000 0.000 0.000 56.700 0.000 0.000 0.000 0.000 0.000 0.000 0.000 56.700 
27-Dec-93 0.000 2.241 18.999 36.288 0.000 0.000 0.000 0.000 0.000 2.241 18.999 36.288 







 


 


W
EI 722.02 


 
Page 106 of 149 


 Total Aerial Ground 
 North Middle South Entire North Mid South Entire North Mid South Entire 


Date Lateral Lateral Lateral Watershed Lateral Lateral Lateral Watershed Lateral Lateral Lateral Watershed 


28-Dec-93 0.000 0.000 0.000 90.719 0.000 0.000 0.000 0.000 0.000 0.000 0.000 90.719 
31-Dec-93 0.000 20.184 2.384 22.568 0.000 0.000 0.000 0.000 0.000 20.184 2.384 22.568 
07-Jan-94 0.000 2.385 0.282 2.667 0.000 0.000 0.000 0.000 0.000 2.385 0.282 2.667 
13-Jan-94 0.000 61.841 0.308 79.355 0.000 61.841 0.308 79.355 0.000 0.000 0.000 0.000 
14-Jan-94 0.000 0.000 0.000 51.030 0.000 0.000 0.000 0.000 0.000 0.000 0.000 51.030 
15-Jan-94 0.000 0.000 1.840 25.182 0.000 0.000 0.000 0.000 0.000 0.000 1.840 25.182 
17-Jan-94 0.000 3.851 32.654 62.370 0.000 0.000 0.000 0.000 0.000 3.851 32.654 62.370 
18-Jan-94 9.117 0.000 0.000 124.967 9.117 0.000 0.000 96.390 0.000 0.000 0.000 28.577 
19-Jan-94 29.533 0.000 0.000 43.051 0.000 0.000 0.000 0.000 29.533 0.000 0.000 43.051 
20-Jan-94 44.743 0.000 0.000 55.344 0.000 0.000 0.000 0.000 44.743 0.000 0.000 55.344 
22-Jan-94 0.000 0.000 4.334 4.334 0.000 0.000 0.000 0.000 0.000 0.000 4.334 4.334 
23-Jan-94 0.000 0.000 22.827 22.827 0.000 0.000 0.000 0.000 0.000 0.000 22.827 22.827 
28-Jan-94 0.000 0.000 0.000 38.102 0.000 0.000 0.000 0.000 0.000 0.000 0.000 38.102 
29-Jan-94 0.000 0.000 8.713 8.713 0.000 0.000 8.713 8.713 0.000 0.000 0.000 0.000 
30-Jan-94 0.000 0.000 0.000 0.908 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.908 
01-Feb-94 0.000 0.000 0.962 15.533 0.000 0.000 0.000 0.000 0.000 0.000 0.962 15.533 
03-Feb-94 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
04-Feb-94 0.000 0.000 0.000 56.700 0.000 0.000 0.000 0.000 0.000 0.000 0.000 56.700 
05-Feb-94 0.000 0.000 0.000 34.020 0.000 0.000 0.000 0.000 0.000 0.000 0.000 34.020 
13-Feb-94 0.000 0.000 0.000 0.057 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.057 
14-Feb-94 0.000 0.000 0.000 22.995 0.000 0.000 0.000 22.995 0.000 0.000 0.000 0.000 
15-Feb-94 0.000 0.000 0.000 122.423 0.000 0.000 0.000 0.000 0.000 0.000 0.000 122.423 
23-Feb-94 0.000 0.000 41.201 42.391 0.000 0.000 0.000 0.000 0.000 0.000 41.201 42.391 
24-Feb-94 5.410 0.000 4.594 11.658 5.410 0.000 0.000 5.411 0.000 0.000 4.594 6.247 
25-Feb-94 0.516 0.000 0.000 5.452 0.516 0.000 0.000 5.452 0.000 0.000 0.000 0.000 
25-Mar-94 0.000 0.000 0.048 0.048 0.000 0.000 0.000 0.000 0.000 0.000 0.048 0.048 
28-Apr-94 0.000 0.000 0.023 0.023 0.000 0.000 0.000 0.000 0.000 0.000 0.023 0.023 
30-Apr-94 0.000 0.000 0.048 3.675 0.000 0.000 0.000 0.000 0.000 0.000 0.048 3.675 
05-May-94 0.357 0.000 0.000 0.442 0.000 0.000 0.000 0.000 0.357 0.000 0.000 0.442 
16-May-94 0.000 0.000 0.000 3.402 0.000 0.000 0.000 0.000 0.000 0.000 0.000 3.402 
22-May-94 0.000 0.000 0.231 0.231 0.000 0.000 0.231 0.231 0.000 0.000 0.000 0.000 
24-May-94 0.357 0.000 0.000 0.442 0.000 0.000 0.000 0.000 0.357 0.000 0.000 0.442 
27-May-94 4.222 0.000 0.000 4.536 0.000 0.000 0.000 0.000 4.222 0.000 0.000 4.536 
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09-Jun-94 0.000 0.000 0.000 6.804 0.000 0.000 0.000 0.000 0.000 0.000 0.000 6.804 
12-Jun-94 0.000 0.000 0.000 19.278 0.000 0.000 0.000 19.278 0.000 0.000 0.000 0.000 
15-Jun-94 0.000 0.000 0.000 12.382 0.000 0.000 0.000 0.000 0.000 0.000 0.000 12.382 
17-Jun-94 0.000 0.000 0.347 0.347 0.000 0.000 0.000 0.000 0.000 0.000 0.347 0.347 
01-Jul-94 0.000 0.000 0.000 20.636 0.000 0.000 0.000 0.000 0.000 0.000 0.000 20.636 
12-Jul-94 0.000 0.000 1.752 15.548 0.000 0.000 0.000 0.000 0.000 0.000 1.752 15.548 
14-Jul-94 0.000 0.000 0.000 61.236 0.000 0.000 0.000 0.000 0.000 0.000 0.000 61.236 
30-Jul-94 0.000 0.000 0.240 0.826 0.000 0.000 0.000 0.000 0.000 0.000 0.240 0.826 
04-Aug-94 0.000 0.000 0.000 37.145 0.000 0.000 0.000 0.000 0.000 0.000 0.000 37.145 
09-Aug-94 0.000 0.000 0.201 0.201 0.000 0.000 0.000 0.000 0.000 0.000 0.201 0.201 
26-Aug-94 0.000 0.000 0.561 1.928 0.000 0.000 0.000 0.000 0.000 0.000 0.561 1.928 
09-Sep-94 0.000 0.000 0.000 24.763 0.000 0.000 0.000 24.763 0.000 0.000 0.000 0.000 
19-Dec-94 0.000 1.400 11.874 22.680 0.000 0.000 0.000 0.000 0.000 1.400 11.874 22.680 
21-Dec-94 0.000 0.000 0.000 0.057 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.057 
28-Dec-94 0.000 61.841 0.308 79.355 0.000 61.841 0.308 79.355 0.000 0.000 0.000 0.000 
02-Jan-95 0.000 2.185 18.524 35.381 0.000 0.000 0.000 0.000 0.000 2.185 18.524 35.381 
17-Jan-95 0.000 9.175 14.886 29.027 0.000 9.175 14.886 29.027 0.000 0.000 0.000 0.000 
18-Jan-95 0.000 0.000 0.000 20.542 0.000 0.000 0.000 0.000 0.000 0.000 0.000 20.542 
01-Feb-95 0.000 0.000 0.000 15.422 0.000 0.000 0.000 0.000 0.000 0.000 0.000 15.422 
02-Feb-95 0.000 0.000 0.289 4.897 0.000 0.000 0.000 0.000 0.000 0.000 0.289 4.897 
03-Feb-95 0.000 0.000 6.901 21.665 0.000 0.000 0.000 0.000 0.000 0.000 6.901 21.665 
04-Feb-95 0.000 0.000 14.447 56.405 0.000 0.000 0.000 0.000 0.000 0.000 14.447 56.405 
05-Feb-95 0.000 0.000 5.981 44.406 0.000 0.000 0.000 0.000 0.000 0.000 5.981 44.406 
07-Feb-95 0.751 0.000 17.308 66.244 0.751 0.000 11.558 58.424 0.000 0.000 5.751 7.820 
10-Feb-95 0.000 0.000 0.000 122.369 0.000 0.000 0.000 122.369 0.000 0.000 0.000 0.000 
11-Feb-95 35.780 0.000 0.000 102.440 35.780 0.000 0.000 102.440 0.000 0.000 0.000 0.000 
14-Feb-95 0.000 0.000 1.101 97.461 0.000 0.000 0.000 78.804 0.000 0.000 1.101 18.657 
15-Feb-95 9.117 0.000 0.000 115.805 9.117 0.000 0.000 114.897 0.000 0.000 0.000 0.908 
16-Feb-95 0.000 3.011 25.530 48.762 0.000 0.000 0.000 0.000 0.000 3.011 25.530 48.762 
19-Feb-95 0.000 0.000 0.000 32.975 0.000 0.000 0.000 0.000 0.000 0.000 0.000 32.975 
20-Feb-95 0.000 0.000 0.000 1.122 0.000 0.000 0.000 0.000 0.000 0.000 0.000 1.122 
22-Feb-95 0.000 0.000 75.369 83.484 0.000 0.000 0.000 0.000 0.000 0.000 75.369 83.484 
24-Feb-95 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
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26-Feb-95 0.000 0.000 0.000 10.869 0.000 0.000 0.000 5.443 0.000 0.000 0.000 5.426 
27-Feb-95 0.000 0.000 0.000 21.703 0.000 0.000 0.000 0.000 0.000 0.000 0.000 21.703 
28-Feb-95 0.000 0.000 0.000 22.443 0.000 0.000 0.000 0.000 0.000 0.000 0.000 22.443 
26-May-95 0.000 0.000 0.077 22.748 0.000 0.000 0.000 0.000 0.000 0.000 0.077 22.748 
28-May-95 0.000 0.000 0.277 13.927 0.000 0.000 0.000 0.000 0.000 0.000 0.277 13.927 
01-Jun-95 0.000 0.000 0.000 6.804 0.000 0.000 0.000 6.804 0.000 0.000 0.000 0.000 
01-Jul-95 0.000 0.000 0.386 0.386 0.000 0.000 0.000 0.000 0.000 0.000 0.386 0.386 
04-Jul-95 0.000 0.000 0.000 7.607 0.000 0.000 0.000 0.000 0.000 0.000 0.000 7.607 
23-Jul-95 0.000 0.000 0.000 1.134 0.000 0.000 0.000 0.000 0.000 0.000 0.000 1.134 
30-Jul-95 0.000 0.000 0.000 4.536 0.000 0.000 0.000 0.000 0.000 0.000 0.000 4.536 
08-Aug-95 0.000 0.000 0.000 24.763 0.000 0.000 0.000 0.000 0.000 0.000 0.000 24.763 
12-Aug-95 0.000 0.000 0.240 0.826 0.000 0.000 0.000 0.000 0.000 0.000 0.240 0.826 
16-Aug-95 0.000 0.000 0.406 1.057 0.000 0.000 0.000 0.000 0.000 0.000 0.406 1.057 
17-Aug-95 0.000 0.000 0.000 24.999 0.000 0.000 0.000 0.000 0.000 0.000 0.000 24.999 
05-Jan-96 0.000 0.000 0.000 19.051 0.000 0.000 0.000 0.000 0.000 0.000 0.000 19.051 
07-Jan-96 0.000 0.000 0.000 17.237 0.000 0.000 0.000 0.000 0.000 0.000 0.000 17.237 
10-Jan-96 0.000 2.731 23.155 62.370 0.000 0.000 0.000 0.000 0.000 2.731 23.155 62.370 
11-Jan-96 0.000 0.000 0.005 0.005 0.000 0.000 0.000 0.000 0.000 0.000 0.005 0.005 
13-Jan-96 0.000 61.841 0.308 124.715 0.000 61.841 0.308 79.355 0.000 0.000 0.000 45.360 
17-Jan-96 0.000 0.000 0.000 45.345 0.000 0.000 0.000 0.000 0.000 0.000 0.000 45.345 
20-Jan-96 0.000 1.120 9.499 18.144 0.000 0.000 0.000 0.000 0.000 1.120 9.499 18.144 
21-Jan-96 0.000 0.000 0.000 9.824 0.000 0.000 0.000 0.000 0.000 0.000 0.000 9.824 
26-Jan-96 0.000 0.000 0.000 13.397 0.000 0.000 0.000 0.000 0.000 0.000 0.000 13.397 
28-Jan-96 0.000 0.000 0.000 20.513 0.000 0.000 0.000 0.000 0.000 0.000 0.000 20.513 
29-Jan-96 0.000 0.000 17.674 18.144 0.000 0.000 0.000 0.000 0.000 0.000 17.674 18.144 
31-Jan-96 0.000 3.361 28.498 54.432 0.000 0.000 0.000 0.000 0.000 3.361 28.498 54.432 
02-Feb-96 0.000 0.000 0.000 34.020 0.000 0.000 0.000 0.000 0.000 0.000 0.000 34.020 
06-Feb-96 9.117 0.000 1.656 98.642 9.117 0.000 0.000 96.390 0.000 0.000 1.656 2.252 
08-Feb-96 0.000 0.000 18.375 21.851 0.000 0.000 8.713 8.713 0.000 0.000 9.661 13.138 
12-Feb-96 0.429 0.000 0.000 46.267 0.429 0.000 0.000 4.536 0.000 0.000 0.000 41.731 
14-Feb-96 44.743 0.000 0.000 449.629 0.000 0.000 0.000 292.225 44.743 0.000 0.000 157.404 
15-Feb-96 0.000 0.000 0.000 56.700 0.000 0.000 0.000 56.700 0.000 0.000 0.000 0.000 
16-Feb-96 0.000 0.000 0.000 58.968 0.000 0.000 0.000 58.968 0.000 0.000 0.000 0.000 
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22-Feb-96 0.000 0.000 0.000 26.933 0.000 0.000 0.000 26.933 0.000 0.000 0.000 0.000 
28-Feb-96 0.000 0.000 51.133 62.927 0.000 0.000 0.000 0.000 0.000 0.000 51.133 62.927 
01-Mar-96 0.000 0.000 0.000 46.287 0.000 0.000 0.000 12.701 0.000 0.000 0.000 33.586 
02-Mar-96 0.000 0.000 0.000 4.536 0.000 0.000 0.000 4.536 0.000 0.000 0.000 0.000 
08-Mar-96 0.000 0.000 0.000 6.763 0.000 0.000 0.000 0.000 0.000 0.000 0.000 6.763 
27-May-96 0.000 0.000 0.000 6.804 0.000 0.000 0.000 0.000 0.000 0.000 0.000 6.804 
28-May-96 0.000 0.000 0.000 16.136 0.000 0.000 0.000 0.000 0.000 0.000 0.000 16.136 
05-Jun-96 0.000 1.767 0.009 2.268 0.000 0.000 0.000 0.000 0.000 1.767 0.009 2.268 
14-Jun-96 0.429 0.000 0.000 4.536 0.000 0.000 0.000 0.000 0.429 0.000 0.000 4.536 
19-Jun-96 0.000 0.000 0.000 2.693 0.000 0.000 0.000 0.000 0.000 0.000 0.000 2.693 
28-Jun-96 0.000 0.000 0.211 0.727 0.000 0.000 0.000 0.000 0.000 0.000 0.211 0.727 
07-Aug-96 0.000 0.000 0.000 45.021 0.000 0.000 0.000 0.000 0.000 0.000 0.000 45.021 
09-Aug-96 0.000 0.000 0.000 30.011 0.000 0.000 0.000 0.000 0.000 0.000 0.000 30.011 
12-Aug-96 0.000 0.000 0.000 49.377 0.000 0.000 0.000 0.000 0.000 0.000 0.000 49.377 
21-Aug-96 0.000 0.000 0.301 0.301 0.000 0.000 0.000 0.000 0.000 0.000 0.301 0.301 
27-Aug-96 0.000 0.000 0.240 0.826 0.000 0.000 0.000 0.000 0.000 0.000 0.240 0.826 
11-Sep-96 0.000 0.000 0.000 62.370 0.000 0.000 0.000 0.000 0.000 0.000 0.000 62.370 
04-Dec-96 0.000 0.000 0.000 4.536 0.000 0.000 0.000 0.000 0.000 0.000 0.000 4.536 
18-Dec-96 0.000 1.120 9.499 18.144 0.000 0.000 0.000 0.000 0.000 1.120 9.499 18.144 
03-Jan-97 0.000 121.481 0.604 155.885 0.000 0.000 0.000 0.000 0.000 121.481 0.604 155.885 
11-Jan-97 0.000 0.000 0.000 26.933 0.000 0.000 0.000 0.000 0.000 0.000 0.000 26.933 
16-Jan-97 0.000 0.000 1.656 2.252 0.000 0.000 0.000 0.000 0.000 0.000 1.656 2.252 
17-Jan-97 0.000 0.000 0.000 89.893 0.000 0.000 0.000 0.000 0.000 0.000 0.000 89.893 
18-Jan-97 0.000 0.000 0.000 13.397 0.000 0.000 0.000 0.000 0.000 0.000 0.000 13.397 
23-Jan-97 0.000 0.000 0.000 15.422 0.000 0.000 0.000 0.000 0.000 0.000 0.000 15.422 
29-Jan-97 0.000 0.000 0.048 0.048 0.000 0.000 0.000 0.000 0.000 0.000 0.048 0.048 
01-Feb-97 0.000 0.000 0.000 76.759 0.000 0.000 0.000 76.759 0.000 0.000 0.000 0.000 
06-Feb-97 7.218 0.000 0.000 76.310 7.218 0.000 0.000 76.310 0.000 0.000 0.000 0.000 
07-Feb-97 0.000 0.000 0.000 85.288 0.000 0.000 0.000 76.311 0.000 0.000 0.000 8.978 
08-Feb-97 0.000 0.000 21.731 72.904 0.000 0.000 0.000 0.000 0.000 0.000 21.731 72.904 
09-Feb-97 63.760 62.967 7.929 301.369 63.760 62.967 0.313 291.012 0.000 0.000 7.616 10.357 
12-Feb-97 0.000 0.000 0.000 26.007 0.000 0.000 0.000 0.000 0.000 0.000 0.000 26.007 
14-Feb-97 0.000 0.000 0.000 10.758 0.000 0.000 0.000 0.000 0.000 0.000 0.000 10.758 
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15-Feb-97 0.000 0.000 0.000 5.411 0.000 0.000 0.000 0.000 0.000 0.000 0.000 5.411 
24-Feb-97 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
26-Feb-97 0.000 0.000 0.000 42.638 0.000 0.000 0.000 42.638 0.000 0.000 0.000 0.000 
27-Feb-97 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
04-Mar-97 0.000 2.495 21.151 40.400 0.000 0.000 0.000 0.000 0.000 2.495 21.151 40.400 
05-Mar-97 0.000 0.000 0.000 20.200 0.000 0.000 0.000 20.200 0.000 0.000 0.000 0.000 
06-Mar-97 3.432 0.000 0.000 36.288 3.432 0.000 0.000 36.288 0.000 0.000 0.000 0.000 
22-May-97 3.579 0.000 0.000 4.428 0.000 0.000 0.000 0.000 3.579 0.000 0.000 4.428 
01-Jun-97 0.000 3.291 27.904 53.298 0.000 0.000 0.000 0.000 0.000 3.291 27.904 53.298 
10-Jun-97 48.322 0.000 0.000 59.772 0.000 0.000 0.000 0.000 48.322 0.000 0.000 59.772 
20-Jun-97 0.000 0.000 0.000 18.144 0.000 0.000 0.000 0.000 0.000 0.000 0.000 18.144 
27-Dec-97 0.000 0.000 0.000 4.489 0.000 0.000 0.000 0.000 0.000 0.000 0.000 4.489 
22-Jan-98 0.000 0.000 0.000 10.886 0.000 0.000 0.000 0.000 0.000 0.000 0.000 10.886 
23-Jan-98 0.000 0.000 0.000 6.243 0.000 0.000 0.000 0.000 0.000 0.000 0.000 6.243 
15-Feb-98 0.000 0.000 22.112 69.873 0.000 0.000 0.000 26.933 0.000 0.000 22.112 42.940 
17-Feb-98 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
20-Feb-98 70.844 0.000 0.000 127.404 70.844 0.000 0.000 127.404 0.000 0.000 0.000 0.000 
22-Feb-98 0.000 0.000 40.481 40.481 0.000 0.000 0.000 0.000 0.000 0.000 40.481 40.481 
24-Feb-98 0.000 62.967 0.313 157.109 0.000 62.967 0.313 157.109 0.000 0.000 0.000 0.000 
25-Feb-98 0.000 0.000 0.000 35.911 0.000 0.000 0.000 0.000 0.000 0.000 0.000 35.911 
26-Feb-98 0.000 0.000 8.377 20.370 0.000 0.000 8.377 20.370 0.000 0.000 0.000 0.000 
28-Feb-98 0.000 0.000 0.000 224.443 0.000 0.000 0.000 224.443 0.000 0.000 0.000 0.000 
01-Mar-98 7.218 0.000 5.844 82.154 7.218 0.000 5.844 82.154 0.000 0.000 0.000 0.000 
02-Mar-98 0.000 2.605 22.091 42.195 0.000 0.000 0.000 0.000 0.000 2.605 22.091 42.195 
03-Mar-98 0.000 0.000 11.927 11.927 0.000 0.000 0.000 0.000 0.000 0.000 11.927 11.927 
12-Mar-98 0.000 0.000 0.000 3.629 0.000 0.000 0.000 0.000 0.000 0.000 0.000 3.629 
27-Apr-98 0.000 0.000 0.000 0.909 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.909 
09-May-98 0.000 0.000 0.000 16.337 0.000 0.000 0.000 16.337 0.000 0.000 0.000 0.000 
18-May-98 0.000 0.000 0.000 8.978 0.000 0.000 0.000 0.000 0.000 0.000 0.000 8.978 
06-Jun-98 0.000 0.000 0.000 1.628 0.000 0.000 0.000 0.000 0.000 0.000 0.000 1.628 
17-Jun-98 0.000 0.000 0.000 7.406 0.000 0.000 0.000 0.000 0.000 0.000 0.000 7.406 
21-Jun-98 0.686 0.000 0.000 7.258 0.000 0.000 0.000 0.000 0.686 0.000 0.000 7.258 
22-Jun-98 0.000 0.000 0.000 8.505 0.000 0.000 0.000 0.000 0.000 0.000 0.000 8.505 
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23-Jun-98 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
12-Dec-98 0.000 0.000 0.000 4.534 0.000 0.000 0.000 0.000 0.000 0.000 0.000 4.534 
23-Dec-98 0.000 0.000 0.000 9.068 0.000 0.000 0.000 0.000 0.000 0.000 0.000 9.068 
05-Jan-99 0.000 0.000 0.000 6.249 0.000 0.000 0.000 0.000 0.000 0.000 0.000 6.249 
11-Jan-99 0.000 67.772 0.337 86.966 0.000 0.000 0.000 0.000 0.000 67.772 0.337 86.966 
14-Jan-99 7.291 0.000 0.000 77.081 0.000 0.000 0.000 0.000 7.291 0.000 0.000 77.081 
15-Jan-99 0.000 0.000 0.000 9.068 0.000 0.000 0.000 0.000 0.000 0.000 0.000 9.068 
16-Jan-99 0.000 0.000 0.000 74.714 0.000 0.000 0.000 0.000 0.000 0.000 0.000 74.714 
17-Jan-99 0.000 0.000 0.000 16.980 0.000 0.000 0.000 0.000 0.000 0.000 0.000 16.980 
21-Jan-99 0.000 0.000 0.000 37.497 0.000 0.000 0.000 0.000 0.000 0.000 0.000 37.497 
25-Jan-99 0.000 0.000 7.702 7.702 0.000 0.000 0.000 0.000 0.000 0.000 7.702 7.702 
29-Jan-99 0.000 0.000 0.000 13.391 0.000 0.000 0.000 0.000 0.000 0.000 0.000 13.391 
02-Feb-99 0.000 0.000 28.477 41.015 0.000 0.000 0.000 0.000 0.000 0.000 28.477 41.015 
03-Feb-99 0.000 0.000 0.000 94.721 0.000 0.000 0.000 77.081 0.000 0.000 0.000 17.640 
04-Feb-99 0.000 0.000 8.462 44.005 0.000 0.000 0.000 0.000 0.000 0.000 8.462 44.005 
11-Feb-99 0.000 0.000 14.634 14.634 0.000 0.000 0.000 0.000 0.000 0.000 14.634 14.634 
15-Feb-99 71.560 63.603 0.316 210.306 71.560 63.603 0.316 210.306 0.000 0.000 0.000 0.000 
20-Feb-99 0.494 0.000 0.000 5.225 0.494 0.000 0.000 5.225 0.000 0.000 0.000 0.000 
23-Feb-99 0.000 0.000 0.000 26.921 0.000 0.000 0.000 0.000 0.000 0.000 0.000 26.921 
26-Feb-99 0.000 0.000 22.012 22.012 0.000 0.000 0.000 0.000 0.000 0.000 22.012 22.012 
02-Mar-99 0.000 0.000 0.000 3.627 0.000 0.000 0.000 0.000 0.000 0.000 0.000 3.627 
14-Dec-99 0.000 0.000 0.000 4.534 0.000 0.000 0.000 0.000 0.000 0.000 0.000 4.534 
13-Jan-00 1.739 0.000 0.000 18.383 0.000 0.000 0.000 0.000 1.739 0.000 0.000 18.383 
15-Jan-00 14.507 0.000 0.000 17.944 0.000 0.000 0.000 0.000 14.507 0.000 0.000 17.944 
22-Jan-00 0.000 107.471 0.535 137.908 0.000 107.471 0.535 137.908 0.000 0.000 0.000 0.000 
01-Feb-00 0.000 3.347 63.578 90.339 0.000 0.000 0.000 0.000 0.000 3.347 63.578 90.339 
09-Feb-00 0.000 0.000 30.487 33.520 0.000 0.000 8.430 11.463 0.000 0.000 22.057 22.057 
12-Feb-00 0.000 0.000 52.094 52.094 0.000 0.000 0.000 0.000 0.000 0.000 52.094 52.094 
19-Feb-00 78.551 63.361 0.315 541.955 78.551 63.361 0.315 530.211 0.000 0.000 0.000 11.744 
21-Feb-00 0.000 0.000 0.000 10.172 0.000 0.000 0.000 10.172 0.000 0.000 0.000 0.000 
22-Feb-00 0.000 0.000 52.094 52.094 0.000 0.000 0.000 0.000 0.000 0.000 52.094 52.094 
23-Feb-00 57.030 0.000 0.000 197.018 57.030 0.000 0.000 197.018 0.000 0.000 0.000 0.000 
01-Mar-00 0.000 0.000 0.000 31.619 0.000 0.000 0.000 31.619 0.000 0.000 0.000 0.000 
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 Total Aerial Ground 
 North Middle South Entire North Mid South Entire North Mid South Entire 


Date Lateral Lateral Lateral Watershed Lateral Lateral Lateral Watershed Lateral Lateral Lateral Watershed 


03-Mar-00 0.515 0.000 0.000 5.443 0.515 0.000 0.000 5.443 0.000 0.000 0.000 0.000 
31-Dec-00 0.000 0.000 0.000 0.908 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.908 
03-Jan-01 0.000 0.000 39.739 40.796 0.000 0.000 0.000 0.000 0.000 0.000 39.739 40.796 
04-Jan-01 0.000 3.779 32.038 61.193 0.000 0.000 0.000 0.000 0.000 3.779 32.038 61.193 
22-Jan-01 0.000 0.000 0.000 0.887 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.887 
01-Feb-01 0.000 0.000 8.430 32.241 0.000 0.000 8.430 32.241 0.000 0.000 0.000 0.000 
05-Feb-01 0.000 0.000 15.866 15.866 0.000 0.000 0.000 0.000 0.000 0.000 15.866 15.866 
14-Feb-01 7.263 0.000 0.000 76.788 7.263 0.000 0.000 76.788 0.000 0.000 0.000 0.000 
18-Feb-01 0.000 0.000 45.124 45.124 0.000 0.000 0.000 0.000 0.000 0.000 45.124 45.124 
28-Feb-01 53.466 0.000 0.000 66.134 0.000 0.000 0.000 0.000 53.466 0.000 0.000 66.134 
01-Mar-01 0.000 0.000 0.000 164.418 0.000 0.000 0.000 164.418 0.000 0.000 0.000 0.000 
15-Mar-01 0.000 0.000 5.503 5.503 0.000 0.000 0.000 0.000 0.000 0.000 5.503 5.503 


Total    11681.16    5665.871    6015.291 
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RIVWQ Input Parameter Values, Sources, And Rationale 
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F-1.  Input Parameter Values and Sources for RIVWQ 
 


PARAMETERS 
 


VALUE 
 


SOURCE/RATIONALE 
SIMULATION PARAMETERS   


Date simulation begins 01-Jan-12 Chosen to match monitored data (subtracted 80 years for 
Y2K compliancy) 


Date simulation ends 31-Dec-21 Chosen to match monitored data (subtracted 80 years for 
Y2K compliancy) 


CHEMICAL PROPERTIES   
Initial pesticide concentration in water (ppm) 0.0 Not used 
Initial pesticide concentration in sediments (ppm) 0.0 Not used 
Water decay rate (1/day)  0.00843 USEPA 2000b 
Sediment decay rate (1/day)  0.00421 USEPA 2000b 
Volatilization coefficient (m/day) 0 Not used 
Soil-water partition coefficient (Kd cc/g)  17.59 Calculated from soil OC of 2.32 and Koc of 758 
Solubility (mg/L)  40.00 USEPA 200b 
AQUATIC CONCENTRATION PARAMETERS   
Settling velocity (m/day) 2.0 Professional judgment 
Mixing velocity (diffusion) (m/day) 0.01 Within range of 0 to 0.1 m/day (Arnold et al., 1991) 
Longitudinal dispersion (dimensionless) 1.0 Fischer, et.al., 1979 
SEDIMENT CONCENTRATION PARAMETERS   
Suspended sediment concentrations (ppm) 30 Professional judgment 
Mixing depth to allow direct partitioning to bed 
(cm) 0.0 Professional judgment 


Depth of active sediment layer (m) 0.05 Within typical range of 0 to 1 m (Arnold et al., 1991) 
Porosity of bed sediment 0.46 Calculated from bulk density (Arnold et.al., 1990) 
Bulk density of bed sediment (g/cc) 1.44 Professional judgment 
RIVER/STREAM PARAMETERS   


Top width (m) 3.7 to 10.0 Professional judgment from photos, on-site 
reconnaissance, and correspondence with Fred Thomas 


Dead storage (m3) 356.1 to 2174.3 0.2 m depth x length x top width 
Base depth (m) 0.46 to 1.25 Top width divided by 8 
Base flow (m3/s/km2) 0.001 to 0.046 0.01 m3/s divided by the drainage area in km2 
Muskingum-K coefficient (s) 14595 to 100475 Calibration 
Muskingum-X coefficient 0.2 Calibration 
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F-2.  Complete Listing of RIVWQ Input File 
 
*****   Main Drain at Gridley Road (722.02)                                            
*****   MDRIV14.INP - MUSK On (Variable), DS (2cm), DBASE 
************************** SIMULATION CONTROLS ****************************** 
** NJ    NH      NPOI    NCHEM   NPATHS  IDT     IDT3 
   62    10       4       1       0       1       1 
** JM    JD      JY      KM      KD      KY      DT 
  1       1      12      12      31      21     360 
** Q1OPT Q2OPT   COPT    POPT    SOPT    GOPT    MOPT    IDIFF 
     1       0       0       1       0       3       1       2 
** Q1FORMQ2FORM  CFORM   PFORM   SFORM 
     1       1       1       1       1 
** Q1UNITQ2UNIT  CUNIT   PUNIT   SUNIT   AGAGE   IPDUR 
   1.0     1.0     1.0     1.0     1.0     0.0       0 
************************ CHEMICAL PROPERTIES ******************************** 
** CNAME KW       KS        KD      VVOL    VBIND   VMIX    SOLUB 
Diazinon 0.008431 0.00421   17.59     0.0     0.0     0.01   40.0 
************************ SYSTEM PROPERTIES ********************************** 
** HW Head Water Nodes 
       18      44      48      58      60      70      96      98       100     120 
** POI Points of Interest 
        2     118      38      36 
** VSETL (SEDIMENT SETTLING RATE) 
      2.0 
** VEL1  VEL2    SS1     SS2 (SEDIMENT SCOUR RATING CURVE) 
      0.8     1.8     0.0 1.0E+06 
**     ID     ND      DX      DA      DISP    TW    SLOPE   MANN    MUSKK     MUSKX 
       18      16   291.9   0.385     1.0     6.1 0.00209   0.035   14595.0     0.2    
       16      14  1350.9   0.688     1.0     6.1 0.00068   0.035   67545.0     0.2    
       44      42   678.4   1.462     1.0     3.7 0.00045   0.035   16960.0     0.2    
       42      40   880.3   0.746     1.0     3.7 0.00035   0.035   22007.5     0.2    
       40      38  1054.4   0.943     1.0     3.7 0.00087   0.035   26360.0     0.2    
       38      32   640.8   0.705     1.0     3.7 0.00095   0.035   16020.0     0.2    
       32      28  1865.3   1.346     1.0     3.7 0.00049   0.035   46632.5     0.2    
       28      26  1028.5   0.573     1.0     4.9 0.00030   0.035   51425.0     0.2    
       48      46   732.9   1.115     1.0     3.7 0.00166   0.035   18322.5     0.2    
       46      36   868.4   0.845     1.0     3.7 0.00035   0.035   21710.0     0.2    
       36      34   772.4   1.123     1.0     3.7 0.00039   0.035   19310.0     0.2    
       34      30  1350.4   2.422     1.0     3.7 0.00045   0.035   33760.0     0.2    
       30      26  1213.5   2.013     1.0     4.9 0.00050   0.035   60675.0     0.2    
       98     108  1518.6   1.517     1.0     3.7 0.00020   0.035   37965.0     0.2    
      108     106  2056.2   1.694     1.0     3.7 0.00119   0.035   51405.0     0.2    
      106     104  2653.1   1.438     1.0     3.7 0.00011   0.035   66327.5     0.2    
      100     102  1452.3   1.316     1.0     3.7 0.00042   0.035   36307.5     0.2    
      102     104  2059.9   1.127     1.0     3.7 0.00089   0.035   51497.5     0.2    
       96      94   866.8   1.718     1.0     3.7 0.00105   0.035   21670.0     0.2    
       94     118   831.4   1.053     1.0     3.7 0.00110   0.035   20785.0     0.2    
      118      92  1251.8   1.260     1.0     3.7 0.00049   0.035   31295.0     0.2    
       92      90    1108   0.731     1.0     3.7 0.00138   0.035   27700.0     0.2    
       90      88   442.4   0.238     1.0     3.7 0.00069   0.035   11060.0     0.2    
       88      86   832.9   0.737     1.0     3.7 0.00146   0.035   20822.5     0.2    
       86      80  1149.7   0.954     1.0     4.9 0.00080   0.035   57485.0     0.2    
      120      84  1319.5   2.377     1.0     3.7 0.00092   0.035   32987.5     0.2    
       84      82  1722.3   2.102     1.0     3.7 0.00071   0.035   43057.5     0.2    
       82      80  1570.2   1.313     1.0     4.9 0.00058   0.035   78510.0     0.2    
       60      62    1138   1.820     1.0     4.9 0.00080   0.035   56900.0     0.2    
       62      64  1869.1   1.329     1.0     4.9 0.00033   0.035   93455.0     0.2    
       64      66   819.9   0.240     1.0     6.1 0.00074   0.035   40995.0     0.2    
       58      56  1742.6   2.861     1.0     6.1 0.00044   0.035   87130.0     0.2    
       56      54  1359.4   2.823     1.0     6.1 0.00045   0.035   67970.0     0.2    
       54      52  1233.8   2.554     1.0     6.1 0.00074   0.035   61690.0     0.2    
       52      50   719.3   1.058     1.0     6.1 0.00042   0.035   35965.0     0.2    
       50       8  1191.5   0.939     1.0     6.1 0.00054   0.035   59575.0     0.2    
       70      68   511.9   0.492     1.0     6.1 0.00030   0.035   25595.0     0.2    
       68      66   796.3   0.216     1.0     6.1 0.00057   0.035   39815.0     0.2    
       26      24  1902.2   6.297     1.0     4.9 0.00064   0.035   95110.0     0.2    
       24      22  2009.5   6.712     1.0     4.9 0.00076   0.035  100475.0     0.2    
       22      20  1616.8   2.882     1.0     4.9 0.00057   0.035   80840.0     0.2    
       20      14  1306.8   1.305     1.0     6.1 0.00093   0.035   65340.0     0.2    
      104     110  1062.4   1.286     1.0     4.9 0.00057   0.035   53120.0     0.2    
      110     112   568.8   0.855     1.0     4.9 0.00107   0.035   28440.0     0.2    
      112     114  1097.2   1.673     1.0     4.9 0.00139   0.035   54860.0     0.2    
      114      72  1049.2   1.182     1.0     4.9 0.00029   0.035   52460.0     0.2    
       80      78   960.8   2.042     1.0     4.9 0.00032   0.035   48040.0     0.2    
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       78      76   970.6   2.302     1.0     4.9 0.00031   0.035   48530.0     0.2    
       76      74     936   0.963     1.0     4.9 0.00163   0.035   46800.0     0.2    
       74      72  1386.6   0.784     1.0     4.9 0.00022   0.035   69330.0     0.2    
       72      66  1438.4   1.498     1.0     4.9 0.00064   0.035   71920.0     0.2    
       66     122   343.6   0.348     1.0     6.1 0.00044   0.035   17180.0     0.2    
      122     116  1291.1   1.682     1.0     6.1 0.00059   0.035   64555.0     0.2    
      116       8  1782.2   1.923     1.0     6.1 0.00070   0.035   89110.0     0.2    
        8       6   728.8   1.182     1.0     6.1 0.00013   0.035   36440.0     0.2    
        6       4   885.1   2.102     1.0     7.3 0.00010   0.035   44255.0     0.2    
       14      12  1709.2   2.422     1.0     6.1 0.00053   0.035   85460.0     0.2    
       12      10  1094.2   1.244     1.0     6.1 0.00042   0.035   54710.0     0.2    
       10       4  1147.8   0.779     1.0     7.3 0.00005   0.035   57390.0     0.2    
        4       2   734.2   0.876     1.0      10 0.00012   0.035   36710.0     0.2    
        2       1     500   0.000     1.0      10 0.00012   0.035   25000.0     0.2    
        1      -1     500   0.000     1.0      10 0.00012   0.035   25000.0     0.2    
**    ID     DAS     POR     BD      QBASE   DBASE   DS      CSS0                          
       18    0.05    0.46   1.440   0.026    0.76  356.12      30                      
       16    0.05    0.46   1.440   0.015    0.76 1648.10      30                      
       44    0.05    0.46   1.440   0.007    0.46  502.02      30 
       42    0.05    0.46   1.440   0.013    0.46  651.42      30 
       40    0.05    0.46   1.440   0.011    0.46  780.26      30 
       38    0.05    0.46   1.440   0.014    0.46  474.19      30 
       32    0.05    0.46   1.440   0.007    0.46 1380.32      30 
       28    0.05    0.46   1.440   0.017    0.61 1007.93      30 
       48    0.05    0.46   1.440   0.009    0.46  542.35      30 
       46    0.05    0.46   1.440   0.012    0.46  642.62      30 
       36    0.05    0.46   1.440   0.009    0.46  571.58      30 
       34    0.05    0.46   1.440   0.004    0.46  999.30      30 
       30    0.05    0.46   1.440   0.005    0.61 1189.23      30 
       98    0.05    0.46   1.440   0.007    0.46 1123.76      30 
      108    0.05    0.46   1.440   0.006    0.46 1521.59      30 
      106    0.05    0.46   1.440   0.007    0.46 1963.29      30 
      100    0.05    0.46   1.440   0.008    0.46 1074.70      30 
      102    0.05    0.46   1.440   0.009    0.46 1524.33      30 
       96    0.05    0.46   1.440   0.160    0.46  641.43      30 
       94    0.05    0.46   1.440   0.009    0.46  615.24      30 
      118    0.05    0.46   1.440   0.008    0.46  926.33      30 
       92    0.05    0.46   1.440   0.014    0.46  819.92      30 
       90    0.05    0.46   1.440   0.042    0.46  327.38      30 
       88    0.05    0.46   1.440   0.014    0.46  616.35      30 
       86    0.05    0.46   1.440   0.010    0.61 1126.71      30 
      120    0.05    0.46   1.440   0.004    0.46  976.43      30 
       84    0.05    0.46   1.440   0.005    0.46 1274.50      30 
       82    0.05    0.46   1.440   0.008    0.61 1538.80      30 
       60    0.05    0.46   1.440   0.005    0.61 1115.24      30 
       62    0.05    0.46   1.440   0.008    0.61 1831.72      30 
       64    0.05    0.46   1.440   0.042    0.76 1000.28      30 
       58    0.05    0.46   1.440   0.003    0.76 2125.97      30 
       56    0.05    0.46   1.440   0.004    0.76 1658.47      30 
       54    0.05    0.46   1.440   0.004    0.76 1505.24      30 
       52    0.05    0.46   1.440   0.009    0.76  877.55      30 
       50    0.05    0.46   1.440   0.011    0.76 1453.63      30 
       70    0.05    0.46   1.440   0.020    0.76  624.52      30 
       68    0.05    0.46   1.440   0.046    0.76  971.49      30 
       26    0.05    0.46   1.440   0.002    0.61 1864.16      30 
       24    0.05    0.46   1.440   0.001    0.61 1969.31      30 
       22    0.05    0.46   1.440   0.003    0.61 1584.46      30 
       20    0.05    0.46   1.440   0.008    0.76 1594.30      30 
      104    0.05    0.46   1.440   0.008    0.61 1041.15      30 
      110    0.05    0.46   1.440   0.012    0.61  557.42      30 
      112    0.05    0.46   1.440   0.006    0.61 1075.26      30 
      114    0.05    0.46   1.440   0.008    0.61 1028.22      30 
       80    0.05    0.46   1.440   0.005    0.61  941.58      30 
       78    0.05    0.46   1.440   0.004    0.61  951.19      30 
       76    0.05    0.46   1.440   0.010    0.61  917.28      30 
       74    0.05    0.46   1.440   0.013    0.61 1358.87      30 
       72    0.05    0.46   1.440   0.007    0.61 1409.63      30 
       66    0.05    0.46   1.440   0.029    0.76  419.19      30 
      122    0.05    0.46   1.440   0.006    0.76 1575.14      30 
      116    0.05    0.46   1.440   0.005    0.76 2174.28      30 
        8    0.05    0.46   1.440   0.008    0.76  889.14      30 
        6    0.05    0.46   1.440   0.005    0.91 1292.25      30 
       14    0.05    0.46   1.440   0.004    0.76 2085.22      30 
       12    0.05    0.46   1.440   0.008    0.76 1334.92      30 
       10    0.05    0.46   1.440   0.013    0.91 1675.79      30 
        4    0.05    0.46   1.440   0.011    1.25 1468.40      30 
        2    0.05    0.46   1.440   0.000    1.25 1000.00      30 
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        1    0.05    0.46   1.440   0.000    1.25 1000.00      30 
**     ID     CW1     CS1     PO1 
       18     0.0     0.0     0.0 
       16     0.0     0.0     0.0 
       44     0.0     0.0     0.0 
       42     0.0     0.0     0.0 
       40     0.0     0.0     0.0 
       38     0.0     0.0     0.0 
       32     0.0     0.0     0.0 
       28     0.0     0.0     0.0 
       48     0.0     0.0     0.0 
       46     0.0     0.0     0.0 
       36     0.0     0.0     0.0 
       34     0.0     0.0     0.0 
       30     0.0     0.0     0.0 
       98     0.0     0.0     0.0 
      108     0.0     0.0     0.0 
      106     0.0     0.0     0.0 
      100     0.0     0.0     0.0 
      102     0.0     0.0     0.0 
       96     0.0     0.0     0.0 
       94     0.0     0.0     0.0 
      118     0.0     0.0     0.0 
       92     0.0     0.0     0.0 
       90     0.0     0.0     0.0 
       88     0.0     0.0     0.0 
       86     0.0     0.0     0.0 
      120     0.0     0.0     0.0 
       84     0.0     0.0     0.0 
       82     0.0     0.0     0.0 
       60     0.0     0.0     0.0 
       62     0.0     0.0     0.0 
       64     0.0     0.0     0.0 
       58     0.0     0.0     0.0 
       56     0.0     0.0     0.0 
       54     0.0     0.0     0.0 
       52     0.0     0.0     0.0 
       50     0.0     0.0     0.0 
       70     0.0     0.0     0.0 
       68     0.0     0.0     0.0 
       26     0.0     0.0     0.0 
       24     0.0     0.0     0.0 
       22     0.0     0.0     0.0 
       20     0.0     0.0     0.0 
      104     0.0     0.0     0.0 
      110     0.0     0.0     0.0 
      112     0.0     0.0     0.0 
      114     0.0     0.0     0.0 
       80     0.0     0.0     0.0 
       78     0.0     0.0     0.0 
       76     0.0     0.0     0.0 
       74     0.0     0.0     0.0 
       72     0.0     0.0     0.0 
       66     0.0     0.0     0.0 
      122     0.0     0.0     0.0 
      116     0.0     0.0     0.0 
        8     0.0     0.0     0.0 
        6     0.0     0.0     0.0 
       14     0.0     0.0     0.0 
       12     0.0     0.0     0.0 
       10     0.0     0.0     0.0 
        4     0.0     0.0     0.0 
        2     0.0     0.0     0.0 
        1     0.0     0.0     0.0 
***** END OF DATA 
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Sensitivity Scenarios Results 
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G-1.  Sensitivity Scenario Descriptions 
 


SCENARIO DESCRIPTION
r03md13 Progress Report 2 Calibrated Simulation using updated PRZM
r03md14 Same as Previous with sediment routines added back into RIVWQ configuration
r03md16 Suspended Sediment and Mix Depth sensitivity (VMIX->0.05, CSS0 ->60 in RIVWQ)
r03md17 Same as previous with Setling Velocity sensitivity (VSETL -> 1.0 in RIVWQ)
r04md14 Sensitivity on Drift Parameters (FRAC_STRM->0.1 in PRZM)
r05md14 Sensitivity on Drift Parameters (FRAC_STRM->0.5 in PRZM)


r06md14 Sensitivity on Anaerobic and Photolytic degradation (Anaerobic -> 0.02021 (34.3 d),  Photolysis to eff(2.5 and 41.1) 0.294 in 
PRZM)    


r06md15 Sensitivity on aquatic degradation parameters (KW ->41.1 days (0.01686),  KS ->41.1 days(0.01686) in RIVWQ)
r07md14 Sensitivity on Runoff Curve Numbers (Tree Fruit and Tree Nuts, Hyd B (74 to 80), Hyd C (84 to 90) in PRZM)


r08md14 Sensitivity on Runoff Curve Numbers (Tree Fruis and Tree Nuts, Hyd B (74 to 70), Hyd C (84 to 80), Hyd D (94 to 90) in 
PRZM)


r09md14 Sensitivity on Application data assignment to watersheds, All 2001 Applications in watersheds 33,34,39 for 2001 applied 
inside watershed rather than split to areas inside and outside of watershed


r10MD14 Sensitivity on start of crop growth ("leaf out dates" or start of crop growth shifted to Jan 1 in PRZM) 


r11md14
Sensitivity on Drift parameters, R10 with Significantly more drift (FRAC_STRM->2.0/FRAC_DRIFT=0.05).  DRIFT is 5% of 
applications, 2.0 FRAC_STRM tests the sensitivity on the representation of surface area receiving the drift (double modeled 
surface area based on length and width of the stream network)  
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G-2.  Mass Loading Summary for Sensitivity Scenarios 
 


SIMULATION Total Runoff Sub-surface Drift Runoff Sub-surface Drift
PROGRESS 2 147.50 147.20 0.22 0.08 99.7966 0.147 0.057
PRZM_RUN03 94.24 92.49 1.67 0.08 98.1430 1.772 0.089
PRZM_RUN04 94.33 92.49 1.67 0.17 98.0494 1.770 0.178
PRZM_RUN05 95.48 92.49 1.67 1.32 96.8685 1.749 1.386
PRZM_RUN06 101.40 99.55 1.70 0.13 98.1755 1.676 0.130
PRZM_RUN07 141.90 141.10 0.74 0.08 99.4362 0.522 0.059
PRZM_RUN08 70.17 67.96 2.12 0.08 96.8505 3.026 0.120
PRZM_RUN09 96.92 95.14 1.70 0.09 98.1634 1.755 0.088
PRZM_RUN10 91.85 90.30 1.47 0.08 98.3125 1.597 0.091
PRZM_RUN11 95.13 90.30 1.47 3.36 94.9227 1.542 3.533


Percent LoadingMass Loading (kg)


 
 
Note: PRZM_RUN## equivalent to r## designations (i.e. PRZM_RUN04 is the PRZM part of R4md14 simulation) 
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G-3.  Annual Maximum Concentration Summary for Sensitivity Scenarios 
 


SCENARIO 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 MIN 90th MAX


Progress 2 13.000 16.500 13.900 11.000 13.800 6.230 6.270 6.840 11.300 1.480 1.480 13.900 16.500
r03md13 8.540 11.900 9.260 7.000 7.380 4.360 3.960 5.120 8.800 0.978 0.978 9.260 11.900
r03md14 8.380 11.700 9.180 6.940 7.280 4.320 3.870 5.030 8.720 0.962 0.962 9.180 11.700
r03md16 7.870 11.000 8.880 6.720 6.960 4.180 3.580 4.740 8.480 0.911 0.911 8.880 11.000
r03md17 7.880 11.000 8.890 6.720 6.970 4.180 3.590 4.740 8.480 0.912 0.912 8.890 11.000
r04md14 8.380 11.700 9.180 6.940 7.280 4.320 3.870 5.040 8.720 0.962 0.962 9.180 11.700
r05md14 8.390 11.700 9.190 6.940 7.290 4.320 3.870 5.050 8.720 0.962 0.962 9.190 11.700
r06md14 8.740 12.000 9.790 7.120 7.890 4.560 4.010 5.660 9.630 1.070 1.070 9.790 12.000
r06md15 8.590 11.800 9.700 7.060 7.790 4.520 3.920 5.560 9.540 1.050 1.050 9.700 11.800
r07md14 11.900 17.100 12.800 10.700 13.700 6.320 5.320 6.410 11.400 1.490 1.490 13.700 17.100
r08md14 5.260 7.810 6.660 5.010 4.260 3.140 2.620 3.470 6.590 0.546 0.546 6.660 7.810
r09md14 8.380 11.700 9.180 6.940 7.280 4.320 3.870 5.030 9.610 0.962 0.962 9.610 11.700
r10MD14 7.560 10.700 8.370 6.440 7.010 4.320 3.490 5.100 9.010 0.951 0.951 9.010 10.700
r11md14 7.580 10.800 8.420 6.440 7.050 4.330 3.490 5.150 9.010 0.951 0.951 9.010 10.800


r## - PRZM Run ID
MD## - RIVWQ Run ID


Annual Maximum Concentration (µg/l) - By Simulation Year
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G-4.  Streamflow at Main Drain Watershed Outlet (Node 2) for Year 2000 
R# - Indicates PRZM Simulation number 


MDRIV## - Indicates RIVWQ Simulation number 


Sensitivity Scenarios with Flow Impacts
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G-5.  Diazinon at Main Drain Watershed Outlet (Node 2) for Year 2000 
Sensitivity All Scenarios
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G-5. Diazinon at Main Drain Watershed Outlet (Node 2) for Year 2000 (cont) 
Sensitivity All Scenarios
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G-6.  Streamflow at Main Drain Watershed Outlet (Node 2) for Year 2001 
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G-7.  Diazinon at Main Drain Watershed Outlet (Node 2) for Year 2001 
Sensitivity All Scenarios
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G-7.  Diazinon at Main Drain Watershed Outlet (Node 2) for Year 2001 (cont) 
Sensitivity All Scenarios
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APPENDIX H 


Management Scenario Mass Loading to Channel System from Runoff, Subsurface,  
and Drift Sources 
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Diazinon Mass Loading to Channel System from Runoff, Subsurface, and Drift Sources 


 


OPTION Total Runoff Sub-surface Drift Runoff Sub-surface Drift
00 1042.0 1007.0 18.1 17.1 96.6 1.7 1.6
01 521.0 503.4 9.1 8.5 96.6 1.7 1.6
02 260.5 251.7 4.5 4.3 96.6 1.7 1.6
03 527.5 492.3 18.1 17.1 93.3 3.4 3.2
04 263.8 246.2 9.1 8.5 93.3 3.4 3.2
05 131.9 123.1 4.5 4.3 93.3 3.4 3.2
06 410.8 375.5 18.1 17.1 91.4 4.4 4.2
07 205.4 187.8 9.1 8.5 91.4 4.4 4.2
08 102.7 93.9 4.5 4.3 91.4 4.4 4.2
09 213.4 178.2 18.1 17.1 83.5 8.5 8.0
10 106.7 89.1 9.1 8.5 83.5 8.5 8.0
11 53.4 44.6 4.5 4.3 83.5 8.5 8.0
12 709.8 674.6 18.1 17.1 95.0 2.6 2.4
13 354.9 337.3 9.1 8.5 95.0 2.6 2.4
14 177.4 168.6 4.5 4.3 95.0 2.6 2.4
15 307.1 271.8 18.1 17.1 88.5 5.9 5.6
16 153.5 135.9 9.1 8.5 88.5 5.9 5.6
17 76.8 68.0 4.5 4.3 88.5 5.9 5.6
18 518.0 503.4 9.1 5.5 97.2 1.8 1.1
19 515.5 503.4 9.1 3.0 97.7 1.8 0.6
20 514.6 503.4 9.1 2.1 97.8 1.8 0.4
21 513.8 503.4 9.1 1.3 98.0 1.8 0.3
22 523.5 503.4 9.1 11.0 96.2 1.7 2.1
23 518.5 503.4 9.1 6.1 97.1 1.7 1.2
24 516.7 503.4 9.1 4.2 97.4 1.8 0.8
25 515.1 503.4 9.1 2.6 97.7 1.8 0.5
00 578.4 555.5 11.5 11.4 96.0 2.0 2.0
01 289.2 277.8 5.7 5.7 96.1 2.0 2.0
02 144.6 138.9 2.9 2.8 96.1 2.0 2.0
03 294.5 271.6 11.5 11.4 92.2 3.9 3.9
04 147.3 135.8 5.7 5.7 92.2 3.9 3.9
05 73.6 67.9 2.9 2.8 92.2 3.9 3.9
06 230.1 207.2 11.5 11.4 90.0 5.0 5.0
07 115.0 103.6 5.7 5.7 90.1 5.0 5.0
08 57.5 51.8 2.9 2.8 90.1 5.0 5.0
09 121.2 98.3 11.5 11.4 81.1 9.5 9.4
10 60.6 49.2 5.7 5.7 81.1 9.5 9.4
11 30.3 24.6 2.9 2.8 81.1 9.5 9.4
12 395.1 372.2 11.5 11.4 94.2 2.9 2.9
13 197.5 186.1 5.7 5.7 94.2 2.9 2.9
14 98.8 93.1 2.9 2.8 94.2 2.9 2.9
15 172.9 150.0 11.5 11.4 86.8 6.6 6.6
16 86.4 75.0 5.7 5.7 86.8 6.6 6.6
17 43.2 37.5 2.9 2.8 86.8 6.6 6.6
18 287.2 277.8 5.7 3.7 96.7 2.0 1.3
19 285.5 277.8 5.7 2.0 97.3 2.0 0.7
20 284.9 277.8 5.7 1.4 97.5 2.0 0.5
21 284.4 277.8 5.7 0.9 97.7 2.0 0.3
22 290.8 277.8 5.7 7.3 95.5 2.0 2.5
23 287.6 277.8 5.7 4.1 96.6 2.0 1.4
24 286.3 277.8 5.7 2.8 97.0 2.0 1.0
25 285.2 277.8 5.7 1.7 97.4 2.0 0.6


Mass Loading (kg) Percent Loading
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Diazinon Mass Loading to Channel System from Runoff, Subsurface, and Drift Sources 
 


OPTION Total Runoff Sub-surface Drift Runoff Sub-surface Drift
00 323.4 311.4 6.3 5.7 96.3 1.9 1.8
01 161.7 155.7 3.1 2.8 96.3 1.9 1.8
02 80.8 77.9 1.6 1.4 96.3 1.9 1.8
03 164.3 152.3 6.3 5.7 92.7 3.8 3.5
04 82.1 76.1 3.1 2.8 92.7 3.8 3.5
05 41.1 38.1 1.6 1.4 92.7 3.8 3.5
06 128.1 116.1 6.3 5.7 90.6 4.9 4.4
07 64.1 58.1 3.1 2.8 90.6 4.9 4.4
08 32.0 29.0 1.6 1.4 90.7 4.9 4.4
09 67.1 55.1 6.3 5.7 82.1 9.4 8.5
10 33.6 27.6 3.1 2.8 82.1 9.4 8.5
11 16.8 13.8 1.6 1.4 82.1 9.4 8.5
12 220.6 208.6 6.3 5.7 94.6 2.9 2.6
13 110.3 104.3 3.1 2.8 94.6 2.9 2.6
14 55.2 52.2 1.6 1.4 94.6 2.9 2.6
15 96.1 84.1 6.3 5.7 87.5 6.6 5.9
16 48.0 42.0 3.1 2.8 87.5 6.6 5.9
17 24.0 21.0 1.6 1.4 87.5 6.5 5.9
18 160.7 155.7 3.1 1.8 96.9 2.0 1.1
19 159.9 155.7 3.1 1.0 97.4 2.0 0.6
20 159.5 155.7 3.1 0.7 97.6 2.0 0.4
21 159.3 155.7 3.1 0.4 97.7 2.0 0.3
22 162.5 155.7 3.1 3.7 95.8 1.9 2.3
23 160.9 155.7 3.1 2.0 96.8 2.0 1.3
24 160.2 155.7 3.1 1.4 97.2 2.0 0.9
25 159.7 155.7 3.1 0.9 97.5 2.0 0.5
00 972.0 937.2 17.7 17.1 96.4 1.8 1.8
01 486.0 468.6 8.8 8.5 96.4 1.8 1.8
02 243.0 234.3 4.4 4.3 96.4 1.8 1.8
03 493.1 458.3 17.7 17.1 92.9 3.6 3.5
04 246.5 229.2 8.8 8.5 93.0 3.6 3.5
05 123.3 114.6 4.4 4.3 92.9 3.6 3.5
06 384.4 349.6 17.7 17.1 90.9 4.6 4.4
07 192.2 174.8 8.8 8.5 90.9 4.6 4.4
08 96.1 87.4 4.4 4.3 91.0 4.6 4.4
09 200.6 165.9 17.7 17.1 82.7 8.8 8.5
10 100.3 83.0 8.8 8.5 82.7 8.8 8.5
11 50.2 41.5 4.4 4.3 82.7 8.8 8.5
12 662.7 628.0 17.7 17.1 94.8 2.7 2.6
13 331.4 314.0 8.8 8.5 94.7 2.7 2.6
14 165.7 157.0 4.4 4.3 94.7 2.7 2.6
15 287.8 253.1 17.7 17.1 87.9 6.1 5.9
16 143.9 126.5 8.8 8.5 87.9 6.1 5.9
17 72.0 63.3 4.4 4.3 87.9 6.1 5.9
18 483.0 468.6 8.8 5.5 97.0 1.8 1.1
19 480.5 468.6 8.8 3.0 97.5 1.8 0.6
20 479.6 468.6 8.8 2.1 97.7 1.8 0.4
21 478.8 468.6 8.8 1.3 97.9 1.8 0.3
22 488.5 468.6 8.8 11.0 95.9 1.8 2.3
23 483.5 468.6 8.8 6.1 96.9 1.8 1.3
24 481.7 468.6 8.8 4.2 97.3 1.8 0.9
25 480.1 468.6 8.8 2.6 97.6 1.8 0.5
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Diazinon Mass Loading to Channel System from Runoff, Subsurface, and Drift Sources 


OPTION Total Runoff Sub-surface Drift Runoff Sub-surface Drift
00 530.3 507.9 11.1 11.4 95.8 2.1 2.1
01 265.2 253.9 5.5 5.7 95.7 2.1 2.1
02 132.6 127.0 2.8 2.8 95.8 2.1 2.1
03 270.8 248.4 11.1 11.4 91.7 4.1 4.2
04 135.4 124.2 5.5 5.7 91.7 4.1 4.2
05 67.7 62.1 2.8 2.8 91.7 4.1 4.2
06 211.9 189.4 11.1 11.4 89.4 5.2 5.4
07 105.9 94.7 5.5 5.7 89.4 5.2 5.4
08 53.0 47.4 2.8 2.8 89.4 5.2 5.4
09 112.3 89.9 11.1 11.4 80.1 9.8 10.2
10 56.2 45.0 5.5 5.7 80.0 9.8 10.1
11 28.1 22.5 2.8 2.8 80.0 9.8 10.1
12 362.7 340.3 11.1 11.4 93.8 3.0 3.1
13 181.4 170.1 5.5 5.7 93.8 3.0 3.1
14 90.7 85.1 2.8 2.8 93.8 3.0 3.1
15 159.6 137.1 11.1 11.4 85.9 6.9 7.1
16 79.8 68.6 5.5 5.7 85.9 6.9 7.1
17 39.9 34.3 2.8 2.8 85.9 6.9 7.1
18 263.1 253.9 5.5 3.7 96.5 2.1 1.4
19 261.5 253.9 5.5 2.0 97.1 2.1 0.8
20 260.9 253.9 5.5 1.4 97.3 2.1 0.5
21 260.3 253.9 5.5 0.9 97.5 2.1 0.3
22 266.8 253.9 5.5 7.3 95.2 2.1 2.8
23 263.5 253.9 5.5 4.1 96.4 2.1 1.5
24 262.3 253.9 5.5 2.8 96.8 2.1 1.1
25 261.2 253.9 5.5 1.7 97.2 2.1 0.7
00 296.3 284.4 6.2 5.7 96.0 2.1 1.9
01 148.1 142.2 3.1 2.8 96.0 2.1 1.9
02 74.1 71.1 1.6 1.4 96.0 2.1 1.9
03 151.0 139.1 6.2 5.7 92.1 4.1 3.8
04 75.5 69.5 3.1 2.8 92.1 4.1 3.8
05 37.7 34.8 1.6 1.4 92.1 4.1 3.8
06 118.0 106.1 6.2 5.7 89.9 5.3 4.8
07 59.0 53.0 3.1 2.8 89.9 5.3 4.8
08 29.5 26.5 1.6 1.4 89.9 5.3 4.8
09 62.2 50.3 6.2 5.7 80.9 10.0 9.2
10 31.1 25.2 3.1 2.8 80.9 10.0 9.2
11 15.6 12.6 1.6 1.4 80.8 10.0 9.2
12 202.4 190.5 6.2 5.7 94.1 3.1 2.8
13 101.2 95.3 3.1 2.8 94.1 3.1 2.8
14 50.6 47.6 1.6 1.4 94.1 3.1 2.8
15 88.7 76.8 6.2 5.7 86.6 7.0 6.4
16 44.3 38.4 3.1 2.8 86.6 7.0 6.4
17 22.2 19.2 1.6 1.4 86.6 7.0 6.4
18 147.1 142.2 3.1 1.8 96.7 2.1 1.2
19 146.3 142.2 3.1 1.0 97.2 2.1 0.7
20 146.0 142.2 3.1 0.7 97.4 2.1 0.5
21 145.7 142.2 3.1 0.4 97.6 2.1 0.3
22 149.0 142.2 3.1 3.7 95.4 2.1 2.5
23 147.3 142.2 3.1 2.0 96.5 2.1 1.4
24 146.7 142.2 3.1 1.4 96.9 2.1 1.0
25 146.2 142.2 3.1 0.9 97.3 2.1 0.6
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Diazinon Mass Loading to Channel System from Runoff, Subsurface, and Drift Sources 


OPTION Total Runoff Sub-surface Drift Runoff Sub-surface Drift
00 967.5 933.1 17.3 17.1 96.4 1.8 1.8
01 483.7 466.5 8.7 8.5 96.4 1.8 1.8
02 241.9 233.3 4.3 4.3 96.4 1.8 1.8
03 490.7 456.3 17.3 17.1 93.0 3.5 3.5
04 245.3 228.1 8.7 8.5 93.0 3.5 3.5
05 122.7 114.1 4.3 4.3 93.0 3.5 3.5
06 382.4 348.0 17.3 17.1 91.0 4.5 4.5
07 191.2 174.0 8.7 8.5 91.0 4.5 4.5
08 95.6 87.0 4.3 4.3 91.0 4.5 4.5
09 199.6 165.2 17.3 17.1 82.8 8.7 8.6
10 99.8 82.6 8.7 8.5 82.8 8.7 8.6
11 49.9 41.3 4.3 4.3 82.8 8.7 8.6
12 659.6 625.2 17.3 17.1 94.8 2.6 2.6
13 329.8 312.6 8.7 8.5 94.8 2.6 2.6
14 164.9 156.3 4.3 4.3 94.8 2.6 2.6
15 286.3 251.9 17.3 17.1 88.0 6.0 6.0
16 143.2 126.0 8.7 8.5 88.0 6.0 6.0
17 71.6 63.0 4.3 4.3 88.0 6.0 6.0
18 480.7 466.5 8.7 5.5 97.0 1.8 1.1
19 478.2 466.5 8.7 3.0 97.6 1.8 0.6
20 477.3 466.5 8.7 2.1 97.7 1.8 0.4
21 476.5 466.5 8.7 1.3 97.9 1.8 0.3
22 486.2 466.5 8.7 11.0 95.9 1.8 2.3
23 481.3 466.5 8.7 6.1 96.9 1.8 1.3
24 479.4 466.5 8.7 4.2 97.3 1.8 0.9
25 477.8 466.5 8.7 2.6 97.6 1.8 0.5
00 516.2 493.9 10.9 11.4 95.7 2.1 2.2
01 258.1 247.0 5.4 5.7 95.7 2.1 2.2
02 129.1 123.5 2.7 2.8 95.7 2.1 2.2
03 263.8 241.5 10.9 11.4 91.5 4.1 4.3
04 131.9 120.8 5.4 5.7 91.6 4.1 4.3
05 66.0 60.4 2.7 2.8 91.6 4.1 4.3
06 206.5 184.2 10.9 11.4 89.2 5.3 5.5
07 103.2 92.1 5.4 5.7 89.3 5.3 5.5
08 51.6 46.1 2.7 2.8 89.2 5.3 5.5
09 109.7 87.4 10.9 11.4 79.7 9.9 10.4
10 54.8 43.7 5.4 5.7 79.7 9.9 10.4
11 27.4 21.9 2.7 2.8 79.7 9.9 10.4
12 353.2 330.9 10.9 11.4 93.7 3.1 3.2
13 176.6 165.5 5.4 5.7 93.7 3.1 3.2
14 88.3 82.7 2.7 2.8 93.7 3.1 3.2
15 155.6 133.4 10.9 11.4 85.7 7.0 7.3
16 77.8 66.7 5.4 5.7 85.7 7.0 7.3
17 38.9 33.3 2.7 2.8 85.7 7.0 7.3
18 256.1 247.0 5.4 3.7 96.4 2.1 1.4
19 254.4 247.0 5.4 2.0 97.1 2.1 0.8
20 253.8 247.0 5.4 1.4 97.3 2.1 0.6
21 253.3 247.0 5.4 0.9 97.5 2.1 0.3
22 259.7 247.0 5.4 7.3 95.1 2.1 2.8
23 256.5 247.0 5.4 4.1 96.3 2.1 1.6
24 255.2 247.0 5.4 2.8 96.8 2.1 1.1
25 254.1 247.0 5.4 1.7 97.2 2.1 0.7
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Diazinon Mass Loading to Channel System from Runoff, Subsurface, and Drift Sources 


OPTION Total Runoff Sub-surface Drift Runoff Sub-surface Drift
00 278.9 267.3 5.9 5.7 95.8 2.1 2.0
01 139.5 133.7 2.9 2.8 95.8 2.1 2.0
02 69.7 66.8 1.5 1.4 95.8 2.1 2.0
03 142.3 130.7 5.9 5.7 91.8 4.1 4.0
04 71.2 65.4 2.9 2.8 91.9 4.1 4.0
05 35.6 32.7 1.5 1.4 91.8 4.1 4.0
06 111.3 99.7 5.9 5.7 89.6 5.3 5.1
07 55.7 49.9 2.9 2.8 89.6 5.3 5.1
08 27.8 24.9 1.5 1.4 89.6 5.3 5.1
09 58.9 47.3 5.9 5.7 80.3 10.0 9.7
10 29.5 23.7 2.9 2.8 80.3 10.0 9.7
11 14.7 11.8 1.5 1.4 80.3 10.0 9.7
12 190.7 179.1 5.9 5.7 93.9 3.1 3.0
13 95.4 89.6 2.9 2.8 93.9 3.1 3.0
14 47.7 44.8 1.5 1.4 93.9 3.1 3.0
15 83.8 72.2 5.9 5.7 86.2 7.0 6.8
16 41.9 36.1 2.9 2.8 86.2 7.0 6.8
17 20.9 18.0 1.5 1.4 86.2 7.0 6.8
18 138.4 133.7 2.9 1.8 96.6 2.1 1.3
19 137.6 133.7 2.9 1.0 97.2 2.1 0.7
20 137.3 133.7 2.9 0.7 97.4 2.1 0.5
21 137.0 133.7 2.9 0.4 97.6 2.2 0.3
22 140.3 133.7 2.9 3.7 95.3 2.1 2.6
23 138.6 133.7 2.9 2.0 96.5 2.1 1.5
24 138.0 133.7 2.9 1.4 96.9 2.1 1.0
25 137.5 133.7 2.9 0.9 97.2 2.1 0.6
00 901.5 867.6 16.8 17.1 96.2 1.9 1.9
01 450.8 433.8 8.4 8.5 96.2 1.9 1.9
02 225.4 216.9 4.2 4.3 96.2 1.9 1.9
03 458.2 424.3 16.8 17.1 92.6 3.7 3.7
04 229.1 212.1 8.4 8.5 92.6 3.7 3.7
05 114.5 106.1 4.2 4.3 92.7 3.7 3.7
06 357.5 323.6 16.8 17.1 90.5 4.7 4.8
07 178.8 161.8 8.4 8.5 90.5 4.7 4.8
08 89.4 80.9 4.2 4.3 90.5 4.7 4.8
09 187.5 153.6 16.8 17.1 81.9 9.0 9.1
10 93.7 76.8 8.4 8.5 81.9 9.0 9.1
11 46.9 38.4 4.2 4.3 81.9 9.0 9.1
12 615.2 581.3 16.8 17.1 94.5 2.7 2.8
13 307.6 290.6 8.4 8.5 94.5 2.7 2.8
14 153.8 145.3 4.2 4.3 94.5 2.7 2.8
15 268.2 234.2 16.8 17.1 87.3 6.3 6.4
16 134.1 117.1 8.4 8.5 87.3 6.3 6.4
17 67.0 58.6 4.2 4.3 87.4 6.3 6.4
18 447.7 433.8 8.4 5.5 96.9 1.9 1.2
19 445.2 433.8 8.4 3.0 97.4 1.9 0.7
20 444.3 433.8 8.4 2.1 97.6 1.9 0.5
21 443.5 433.8 8.4 1.3 97.8 1.9 0.3
22 453.2 433.8 8.4 11.0 95.7 1.9 2.4
23 448.3 433.8 8.4 6.1 96.8 1.9 1.4
24 446.4 433.8 8.4 4.2 97.2 1.9 0.9
25 444.8 433.8 8.4 2.6 97.5 1.9 0.6
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Diazinon Mass Loading to Channel System from Runoff, Subsurface, and Drift Sources 


OPTION Total Runoff Sub-surface Drift Runoff Sub-surface Drift
00 512.2 490.0 10.9 11.4 95.7 2.1 2.2
01 256.1 245.0 5.4 5.7 95.7 2.1 2.2
02 128.1 122.5 2.7 2.8 95.6 2.1 2.2
03 261.9 239.6 10.9 11.4 91.5 4.2 4.4
04 130.9 119.8 5.4 5.7 91.5 4.2 4.4
05 65.5 59.9 2.7 2.8 91.5 4.1 4.4
06 205.0 182.8 10.9 11.4 89.2 5.3 5.6
07 102.5 91.4 5.4 5.7 89.2 5.3 5.6
08 51.3 45.7 2.7 2.8 89.1 5.3 5.6
09 109.0 86.7 10.9 11.4 79.6 10.0 10.5
10 54.5 43.4 5.4 5.7 79.6 10.0 10.5
11 27.3 21.7 2.7 2.8 79.6 10.0 10.5
12 350.5 328.3 10.9 11.4 93.7 3.1 3.3
13 175.3 164.1 5.4 5.7 93.6 3.1 3.3
14 87.6 82.1 2.7 2.8 93.6 3.1 3.3
15 154.6 132.3 10.9 11.4 85.6 7.0 7.4
16 77.3 66.2 5.4 5.7 85.6 7.0 7.4
17 38.6 33.1 2.7 2.8 85.6 7.0 7.4
18 254.1 245.0 5.4 3.7 96.4 2.1 1.4
19 252.5 245.0 5.4 2.0 97.0 2.2 0.8
20 251.8 245.0 5.4 1.4 97.3 2.2 0.6
21 251.3 245.0 5.4 0.9 97.5 2.2 0.3
22 257.8 245.0 5.4 7.3 95.0 2.1 2.8
23 254.5 245.0 5.4 4.1 96.3 2.1 1.6
24 253.2 245.0 5.4 2.8 96.8 2.1 1.1
25 252.2 245.0 5.4 1.7 97.1 2.2 0.7
00 267.8 256.3 5.8 5.7 95.7 2.2 2.1
01 133.9 128.1 2.9 2.8 95.7 2.2 2.1
02 67.0 64.1 1.5 1.4 95.7 2.2 2.1
03 136.8 125.3 5.8 5.7 91.6 4.2 4.2
04 68.4 62.7 2.9 2.8 91.6 4.2 4.2
05 34.2 31.3 1.5 1.4 91.6 4.2 4.2
06 107.1 95.6 5.8 5.7 89.3 5.4 5.3
07 53.6 47.8 2.9 2.8 89.3 5.4 5.3
08 26.8 23.9 1.5 1.4 89.3 5.4 5.3
09 56.9 45.4 5.8 5.7 79.8 10.2 10.0
10 28.4 22.7 2.9 2.8 79.8 10.2 10.0
11 14.2 11.3 1.5 1.4 79.7 10.2 10.0
12 183.2 171.7 5.8 5.7 93.7 3.2 3.1
13 91.6 85.9 2.9 2.8 93.7 3.2 3.1
14 45.8 42.9 1.5 1.4 93.7 3.2 3.1
15 80.7 69.2 5.8 5.7 85.7 7.2 7.1
16 40.4 34.6 2.9 2.8 85.7 7.2 7.1
17 20.2 17.3 1.5 1.4 85.8 7.2 7.1
18 132.9 128.1 2.9 1.8 96.4 2.2 1.4
19 132.1 128.1 2.9 1.0 97.0 2.2 0.8
20 131.7 128.1 2.9 0.7 97.3 2.2 0.5
21 131.5 128.1 2.9 0.4 97.4 2.2 0.3
22 134.7 128.1 2.9 3.7 95.1 2.2 2.7
23 133.1 128.1 2.9 2.0 96.2 2.2 1.5
24 132.4 128.1 2.9 1.4 96.8 2.2 1.1
25 131.9 128.1 2.9 0.9 97.1 2.2 0.7
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APPENDIX I 


Management Scenario Maximum Annual Concentrations 
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Annual Maximum Concentrations 


OPTION  0  1  2  3  4  5  6  7  8  9 10 11
YEAR
1992 81.30 40.60 20.30 40.10 20.00 10.00 30.70 15.40 7.69 15.00 7.48 3.74
1993 76.00 38.00 19.00 38.30 19.10 9.57 29.70 14.90 7.43 16.10 8.06 4.03
1994 75.00 37.50 18.70 36.90 18.50 9.23 28.30 14.10 7.07 13.70 6.83 3.41
1995 84.50 42.20 21.10 41.30 20.70 10.30 31.50 15.80 7.88 15.00 7.49 3.74
1996 59.70 29.80 14.90 30.60 15.30 7.64 24.00 12.00 5.99 12.80 6.41 3.20
1997 47.90 23.90 12.00 23.40 11.70 5.86 17.90 8.93 4.47 8.49 4.24 2.12
1998 56.20 28.10 14.10 27.60 13.80 6.90 24.40 12.20 6.10 19.20 9.59 4.80
1999 67.60 33.80 16.90 35.10 17.60 8.78 27.70 13.90 6.94 15.30 7.64 3.82
2000 83.00 41.50 20.70 40.70 20.30 10.20 31.10 15.50 7.77 14.90 7.44 3.72
2001 46.30 23.10 11.60 22.70 11.30 5.66 17.30 8.65 4.32 8.23 4.11 2.06


OPTION  0  1  2  3  4  5  6  7  8  9 10 11
YEAR
1992 72.50 36.20 18.10 35.70 17.80 8.92 27.30 13.70 6.84 13.20 6.61 3.31
1993 69.40 34.70 17.30 34.60 17.30 8.66 26.80 13.40 6.69 13.50 6.76 3.38
1994 10.70 5.34 2.67 5.59 2.80 1.40 4.44 2.22 1.11 2.49 1.24 0.62
1995 65.30 32.60 16.30 31.90 16.00 7.98 24.40 12.20 6.09 11.60 5.78 2.89
1996 51.70 25.80 12.90 26.10 13.00 6.52 20.30 10.10 5.07 10.50 5.24 2.62
1997 35.40 17.70 8.85 17.30 8.66 4.33 13.20 6.61 3.30 6.28 3.14 1.57
1998 33.60 16.80 8.39 20.90 10.50 5.23 18.00 9.02 4.51 13.20 6.60 3.30
1999 56.00 28.00 14.00 28.80 14.40 7.21 22.70 11.30 5.67 12.20 6.12 3.06
2000 76.90 38.50 19.20 37.70 18.90 9.43 28.80 14.40 7.21 13.80 6.90 3.45
2001 14.80 7.41 3.70 7.27 3.63 1.82 5.56 2.78 1.39 2.76 1.38 0.69


OPTION  0  1  2  3  4  5  6  7  8  9 10 11
YEAR
1992 31.90 15.90 7.97 15.70 7.83 3.91 12.00 5.99 2.99 5.76 2.88 1.44
1993 26.80 13.40 6.70 13.50 6.74 3.37 10.40 5.22 2.61 5.60 2.80 1.40
1994 10.70 5.34 2.67 5.59 2.80 1.40 4.44 2.22 1.11 2.49 1.24 0.62
1995 30.50 15.30 7.64 14.90 7.47 3.74 11.40 5.70 2.85 5.41 2.71 1.35
1996 25.10 12.50 6.27 12.60 6.31 3.16 9.80 4.90 2.45 5.01 2.51 1.25
1997 17.10 8.54 4.27 8.35 4.17 2.09 6.37 3.18 1.59 3.02 1.51 0.76
1998 13.80 6.92 3.46 8.98 4.49 2.24 7.87 3.94 1.97 6.01 3.00 1.50
1999 40.50 20.20 10.10 20.70 10.40 5.19 16.30 8.14 4.07 8.71 4.36 2.18
2000 33.40 16.70 8.36 16.40 8.18 4.09 12.50 6.24 3.12 5.92 2.96 1.48
2001 12.10 6.03 3.02 6.10 3.05 1.53 4.75 2.37 1.19 2.46 1.23 0.62


SCENARIO C: 1 Applications/Yr; No Application Window Restrictions; Annual 
Maximum Concentration (µg/l)


SCENARIO A: 3 Applications/Yr; No Application Window Restrictions; Annual 
Maximum Concentration (µg/l)


SCENARIO B: 2 Applications/Yr; No Application Window Restrictions; Annual 
Maximum Concentration (µg/l)
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Annual Maximum Concentrations (continued) 


OPTION 12 13 14 15 16 17 18 19 20 21 22 23 24 25
YEAR
1992 54.70 27.30 13.70 22.40 11.20 5.61 40.60 40.60 40.60 40.60 40.70 40.60 40.60 40.60
1993 51.70 25.80 12.90 22.10 11.10 5.53 38.00 38.00 38.00 38.00 38.00 38.00 38.00 38.00
1994 50.40 25.20 12.60 20.60 10.30 5.15 37.40 37.30 37.30 37.30 37.60 37.40 37.40 37.30
1995 56.60 28.30 14.20 22.80 11.40 5.71 42.20 42.20 42.20 42.20 42.20 42.20 42.20 42.20
1996 40.90 20.40 10.20 18.10 9.05 4.53 29.80 29.80 29.80 29.80 29.80 29.80 29.80 29.80
1997 32.10 16.00 8.02 12.90 6.47 3.23 23.90 23.90 23.90 23.90 23.90 23.90 23.90 23.90
1998 37.70 18.90 9.43 21.70 10.80 5.41 28.10 28.10 28.00 28.00 28.10 28.10 28.10 28.00
1999 46.60 23.30 11.70 21.20 10.60 5.30 33.70 33.60 33.60 33.60 33.90 33.70 33.70 33.60
2000 55.70 27.80 13.90 22.60 11.30 5.64 41.40 41.40 41.40 41.40 41.50 41.50 41.40 41.40
2001 31.00 15.50 7.76 12.50 6.26 3.13 23.10 23.10 23.10 23.10 23.20 23.10 23.10 23.10


OPTION 12 13 14 15 16 17 18 19 20 21 22 23 24 25
YEAR
1992 48.70 24.40 12.20 19.90 9.96 4.98 36.20 36.20 36.20 36.20 36.30 36.20 36.20 36.20
1993 46.90 23.50 11.70 19.80 9.88 4.94 34.70 34.70 34.70 34.70 34.70 34.70 34.70 34.70
1994 7.40 3.70 1.85 3.41 1.71 0.85 5.26 5.19 5.16 5.14 5.41 5.27 5.22 5.18
1995 43.70 21.90 10.90 17.60 8.82 4.41 32.60 32.60 32.60 32.60 32.60 32.60 32.60 32.60
1996 35.20 17.60 8.79 15.10 7.57 3.79 25.80 25.80 25.80 25.80 25.80 25.80 25.80 25.80
1997 23.70 11.90 5.93 9.57 4.79 2.39 17.70 17.70 17.70 17.70 17.70 17.70 17.70 17.70
1998 25.40 12.70 6.35 15.50 7.75 3.87 16.80 16.80 16.80 16.80 16.80 16.80 16.80 16.80
1999 38.50 19.20 9.62 17.20 8.59 4.30 27.90 27.90 27.80 27.80 28.10 27.90 27.90 27.90
2000 51.60 25.80 12.90 20.90 10.50 5.23 38.40 38.40 38.40 38.40 38.50 38.40 38.40 38.40
2001 9.94 4.97 2.48 4.08 2.04 1.02 7.40 7.39 7.39 7.39 7.41 7.40 7.40 7.39


OPTION 12 13 14 15 16 17 18 19 20 21 22 23 24 25
YEAR
1992 21.40 10.70 5.35 8.71 4.36 2.18 15.90 15.90 15.90 15.90 15.90 15.90 15.90 15.90
1993 18.20 9.09 4.55 7.76 3.88 1.94 13.40 13.40 13.40 13.40 13.40 13.40 13.40 13.40
1994 7.40 3.70 1.85 3.41 1.71 0.85 5.26 5.19 5.16 5.14 5.41 5.27 5.22 5.17
1995 20.50 10.20 5.12 8.25 4.13 2.06 15.30 15.30 15.30 15.30 15.30 15.30 15.30 15.30
1996 17.00 8.52 4.26 7.28 3.64 1.82 12.40 12.30 12.30 12.30 12.60 12.50 12.40 12.30
1997 11.40 5.72 2.86 4.61 2.31 1.15 8.54 8.53 8.53 8.53 8.54 8.54 8.54 8.53
1998 10.70 5.35 2.68 6.89 3.45 1.72 6.92 6.92 6.92 6.92 6.92 6.92 6.92 6.92
1999 27.70 13.90 6.93 12.30 6.15 3.07 20.20 20.20 20.20 20.20 20.20 20.20 20.20 20.20
2000 22.40 11.20 5.60 9.03 4.52 2.26 16.70 16.70 16.70 16.70 16.70 16.70 16.70 16.70
2001 8.22 4.11 2.05 3.55 1.77 0.89 5.96 5.91 5.89 5.87 6.09 5.98 5.93 5.90


SCENARIO C: 1 Applications/Yr; No Application Window Restrictions; Annual Maximum 
Concentration (µg/l)


SCENARIO A: 3 Applications/Yr; No Application Window Restrictions; Annual Maximum 
Concentration (µg/l)


SCENARIO B: 2 Applications/Yr; No Application Window Restrictions; Annual Maximum 
Concentration (µg/l)
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Annual Maximum Concentrations (continued) 


OPTION  0  1  2  3  4  5  6  7  8  9 10 11
YEAR
1992 81.80 40.90 20.40 40.30 20.20 10.10 30.90 15.50 7.74 15.00 7.52 3.76
1993 74.30 37.20 18.60 37.40 18.70 9.36 29.10 14.50 7.27 15.80 7.91 3.96
1994 75.00 37.50 18.70 36.90 18.50 9.23 28.30 14.10 7.07 13.70 6.83 3.41
1995 83.70 41.80 20.90 40.90 20.50 10.20 31.20 15.60 7.81 14.80 7.42 3.71
1996 59.00 29.50 14.80 30.20 15.10 7.56 23.70 11.90 5.93 12.70 6.34 3.17
1997 47.90 23.90 12.00 23.40 11.70 5.86 17.90 8.93 4.47 8.49 4.24 2.12
1998 39.30 19.70 9.82 26.50 13.30 6.64 23.60 11.80 5.91 18.80 9.38 4.69
1999 53.60 26.80 13.40 27.90 14.00 6.98 22.10 11.00 5.52 12.20 6.11 3.06
2000 68.20 34.10 17.00 33.40 16.70 8.34 25.50 12.70 6.37 12.10 6.06 3.03
2001 46.30 23.10 11.60 22.70 11.30 5.66 17.30 8.65 4.32 8.23 4.11 2.06


OPTION  0  1  2  3  4  5  6  7  8  9 10 11
YEAR
1992 73.00 36.50 18.20 35.90 18.00 8.99 27.50 13.80 6.88 13.30 6.66 3.33
1993 67.70 33.80 16.90 33.80 16.90 8.45 26.10 13.10 6.53 13.20 6.61 3.30
1994 7.44 3.72 1.86 3.92 1.96 0.98 3.12 1.56 0.78 1.77 0.88 0.44
1995 64.40 32.20 16.10 31.50 15.80 7.88 24.00 12.00 6.01 11.40 5.71 2.86
1996 51.90 26.00 13.00 26.20 13.10 6.55 20.40 10.20 5.09 10.50 5.25 2.63
1997 35.40 17.70 8.85 17.30 8.66 4.33 13.20 6.61 3.30 6.28 3.14 1.57
1998 31.70 15.80 7.91 19.90 9.95 4.97 17.20 8.61 4.31 12.70 6.36 3.18
1999 42.00 21.00 10.50 21.60 10.80 5.41 17.00 8.50 4.25 9.17 4.58 2.29
2000 61.60 30.80 15.40 30.10 15.10 7.54 23.00 11.50 5.75 11.00 5.48 2.74
2001 15.70 7.87 3.93 7.73 3.86 1.93 5.91 2.95 1.48 2.84 1.42 0.71


OPTION  0  1  2  3  4  5  6  7  8  9 10 11
YEAR
1992 32.40 16.20 8.09 15.90 7.95 3.98 12.20 6.09 3.04 5.85 2.93 1.46
1993 25.10 12.60 6.28 12.60 6.32 3.16 9.81 4.90 2.45 5.30 2.65 1.33
1994 7.44 3.72 1.86 3.92 1.96 0.98 3.12 1.56 0.78 1.77 0.88 0.44
1995 30.50 15.30 7.64 14.90 7.47 3.74 11.40 5.70 2.85 5.41 2.71 1.35
1996 21.50 10.80 5.39 11.00 5.50 2.75 8.60 4.30 2.15 4.55 2.27 1.14
1997 17.10 8.54 4.27 8.35 4.17 2.09 6.37 3.18 1.59 3.02 1.51 0.76
1998 11.90 5.97 2.99 7.95 3.98 1.99 7.05 3.53 1.76 5.53 2.77 1.38
1999 41.80 20.90 10.50 21.40 10.70 5.36 16.80 8.40 4.20 8.98 4.49 2.25
2000 28.60 14.30 7.15 14.00 6.99 3.50 10.70 5.33 2.67 5.06 2.53 1.27
2001 9.43 4.71 2.36 4.63 2.31 1.16 3.53 1.77 0.88 1.69 0.85 0.42


SCENARIO D: 3 Applications/Yr; Application time shifted if 1" of rainfall within 
24hrs ; Annual Maximum Concentration (µg/l)


SCENARIO E: 2 Applications/Yr; Application time shifted if 1" of rainfall within 
24hrs ; Annual Maximum Concentration (µg/l)


SCENARIO F: 1 Applications/Yr; Application time shifted if 1" of rainfall within 
24hrs ; Annual Maximum Concentration (µg/l)
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Annual Maximum Concentrations (continued) 


OPTION 12 13 14 15 16 17 18 19 20 21 22 23 24 25
YEAR
1992 55.00 27.50 13.80 22.60 11.30 5.65 40.90 40.80 40.80 40.80 40.90 40.90 40.90 40.80
1993 50.50 25.20 12.60 21.60 10.80 5.41 37.20 37.20 37.20 37.20 37.20 37.20 37.20 37.20
1994 50.40 25.20 12.60 20.60 10.30 5.15 37.40 37.30 37.30 37.30 37.60 37.40 37.40 37.30
1995 56.10 28.00 14.00 22.60 11.30 5.65 41.80 41.80 41.80 41.80 41.80 41.80 41.80 41.80
1996 40.40 20.20 10.10 17.90 8.96 4.48 29.50 29.50 29.50 29.50 29.50 29.50 29.50 29.50
1997 32.10 16.00 8.02 12.90 6.47 3.23 23.90 23.90 23.90 23.90 23.90 23.90 23.90 23.90
1998 31.10 15.50 7.77 21.10 10.50 5.27 19.60 19.60 19.60 19.60 19.70 19.70 19.60 19.60
1999 37.00 18.50 9.25 16.90 8.45 4.22 26.70 26.70 26.70 26.70 26.80 26.80 26.70 26.70
2000 45.70 22.90 11.40 18.50 9.23 4.61 34.10 34.10 34.10 34.10 34.10 34.10 34.10 34.10
2001 31.00 15.50 7.76 12.50 6.26 3.13 23.10 23.10 23.10 23.10 23.20 23.10 23.10 23.10


OPTION 12 13 14 15 16 17 18 19 20 21 22 23 24 25
YEAR
1992 49.10 24.50 12.30 20.10 10.00 5.02 36.50 36.40 36.40 36.40 36.50 36.50 36.50 36.40
1993 45.80 22.90 11.40 19.30 9.64 4.82 33.80 33.80 33.80 33.80 33.80 33.80 33.80 33.80
1994 5.16 2.58 1.29 2.41 1.20 0.60 3.65 3.60 3.58 3.56 3.77 3.66 3.62 3.59
1995 43.20 21.60 10.80 17.40 8.71 4.35 32.20 32.20 32.20 32.20 32.20 32.20 32.20 32.20
1996 35.30 17.70 8.83 15.20 7.59 3.80 26.00 26.00 26.00 26.00 26.00 26.00 26.00 26.00
1997 23.70 11.90 5.93 9.57 4.79 2.39 17.70 17.70 17.70 17.70 17.70 17.70 17.70 17.70
1998 24.10 12.00 6.01 14.90 7.43 3.71 15.80 15.80 15.80 15.80 15.80 15.80 15.80 15.80
1999 28.80 14.40 7.21 12.90 6.44 3.22 21.00 20.90 20.90 20.90 21.10 21.00 20.90 20.90
2000 41.30 20.60 10.30 16.70 8.34 4.17 30.80 30.80 30.80 30.80 30.80 30.80 30.80 30.80
2001 10.60 5.28 2.64 4.29 2.15 1.07 7.86 7.85 7.85 7.84 7.87 7.86 7.85 7.85


OPTION 12 13 14 15 16 17 18 19 20 21 22 23 24 25
YEAR
1992 21.70 10.90 5.44 8.85 4.43 2.21 16.20 16.20 16.20 16.20 16.20 16.20 16.20 16.20
1993 17.10 8.53 4.26 7.29 3.65 1.82 12.60 12.60 12.60 12.60 12.60 12.60 12.60 12.60
1994 5.16 2.58 1.29 2.41 1.20 0.60 3.65 3.60 3.57 3.56 3.77 3.66 3.62 3.59
1995 20.50 10.20 5.12 8.25 4.13 2.06 15.30 15.30 15.30 15.30 15.30 15.30 15.30 15.30
1996 14.70 7.37 3.68 6.47 3.23 1.62 10.80 10.80 10.80 10.80 10.80 10.80 10.80 10.80
1997 11.40 5.72 2.86 4.61 2.31 1.15 8.54 8.53 8.53 8.53 8.54 8.54 8.53 8.53
1998 9.36 4.68 2.34 6.25 3.13 1.56 5.96 5.96 5.96 5.96 5.99 5.96 5.96 5.96
1999 28.70 14.30 7.16 12.70 6.35 3.17 20.90 20.90 20.90 20.90 20.90 20.90 20.90 20.90
2000 19.20 9.58 4.79 7.72 3.86 1.93 14.30 14.30 14.30 14.30 14.30 14.30 14.30 14.30
2001 6.33 3.16 1.58 2.57 1.28 0.64 4.71 4.70 4.70 4.70 4.72 4.71 4.71 4.70


SCENARIO D: 3 Applications/Yr; Application time shifted if 1" of rainfall within 24hrs ; 
Annual Maximum Concentration (µg/l)


SCENARIO E: 2 Applications/Yr; Application time shifted if 1" of rainfall within 24hrs ; 
Annual Maximum Concentration (µg/l)


SCENARIO F: 1 Applications/Yr; Application time shifted if 1" of rainfall within 24hrs ; 
Annual Maximum Concentration (µg/l)
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Annual Maximum Concentrations (continued) 


OPTION  0  1  2  3  4  5  6  7  8  9 10 11
YEAR
1992 83.20 41.60 20.80 41.10 20.50 10.30 31.50 15.70 7.87 15.30 7.65 3.82
1993 69.10 34.50 17.30 34.90 17.40 8.72 27.10 13.60 6.78 15.00 7.52 3.76
1994 73.70 36.90 18.40 36.20 18.10 9.06 27.70 13.90 6.94 13.40 6.68 3.34
1995 83.10 41.50 20.80 40.60 20.30 10.20 31.00 15.50 7.75 14.70 7.36 3.68
1996 60.50 30.20 15.10 30.90 15.50 7.73 24.20 12.10 6.05 12.90 6.44 3.22
1997 47.90 23.90 12.00 23.40 11.70 5.86 17.90 8.93 4.47 8.49 4.24 2.12
1998 58.00 29.00 14.50 28.30 14.20 7.09 21.90 11.00 5.49 17.50 8.77 4.38
1999 52.60 26.30 13.10 27.40 13.70 6.84 21.60 10.80 5.41 12.00 5.99 2.99
2000 61.10 30.60 15.30 29.90 14.90 7.47 22.80 11.40 5.70 10.80 5.42 2.71
2001 46.30 23.10 11.60 22.70 11.30 5.66 17.30 8.65 4.32 8.23 4.11 2.06


OPTION  0  1  2  3  4  5  6  7  8  9 10 11
YEAR
1992 74.40 37.20 18.60 36.70 18.30 9.16 28.10 14.00 7.02 13.60 6.79 3.39
1993 62.40 31.20 15.60 31.20 15.60 7.81 24.20 12.10 6.04 12.40 6.21 3.11
1994 3.03 1.51 0.76 1.64 0.82 0.41 1.32 0.66 0.33 0.79 0.39 0.20
1995 63.80 31.90 16.00 31.20 15.60 7.81 23.80 11.90 5.96 11.30 5.66 2.83
1996 53.50 26.80 13.40 27.00 13.50 6.74 20.90 10.50 5.23 10.70 5.37 2.69
1997 35.40 17.70 8.85 17.30 8.66 4.33 13.20 6.61 3.30 6.28 3.14 1.57
1998 30.00 15.00 7.50 19.00 9.49 4.74 16.50 8.24 4.12 12.30 6.13 3.06
1999 41.20 20.60 10.30 21.20 10.60 5.29 16.60 8.32 4.16 8.97 4.48 2.24
2000 54.50 27.30 13.60 26.70 13.30 6.67 20.30 10.20 5.09 9.67 4.84 2.42
2001 14.90 7.47 3.74 7.34 3.67 1.84 5.62 2.81 1.40 2.70 1.35 0.68


OPTION  0  1  2  3  4  5  6  7  8  9 10 11
YEAR
1992 33.80 16.90 8.45 16.60 8.31 4.15 12.70 6.36 3.18 6.11 3.06 1.53
1993 28.40 14.20 7.11 14.30 7.13 3.57 11.10 5.53 2.76 5.82 2.91 1.45
1994 1.33 0.67 0.33 0.67 0.33 0.17 0.66 0.33 0.17 0.65 0.32 0.16
1995 30.50 15.30 7.64 14.90 7.47 3.74 11.40 5.70 2.85 5.41 2.71 1.35
1996 23.20 11.60 5.79 11.80 5.88 2.94 9.16 4.58 2.29 4.79 2.39 1.20
1997 17.10 8.54 4.27 8.35 4.17 2.09 6.37 3.18 1.59 3.02 1.51 0.76
1998 10.20 5.12 2.56 7.03 3.52 1.76 6.30 3.15 1.58 5.07 2.53 1.27
1999 41.00 20.50 10.20 21.00 10.50 5.25 16.40 8.22 4.11 8.78 4.39 2.19
2000 27.80 13.90 6.96 13.60 6.81 3.40 10.40 5.19 2.60 4.93 2.46 1.23
2001 10.90 5.43 2.72 5.36 2.68 1.34 4.12 2.06 1.03 2.01 1.00 0.50


SCENARIO G: 3 Applications/Yr; Application time shifted if 1" of rainfall 
within 48hrs ; Annual Maximum Concentration (µg/l)


SCENARIO H: 2 Applications/Yr; Application time shifted if 1" of rainfall within 
48hrs ; Annual Maximum Concentration (µg/l)


SCENARIO I: 1 Applications/Yr; Application time shifted if 1" of rainfall within 
48hrs ; Annual Maximum Concentration (µg/l)
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Annual Maximum Concentrations (continued) 


OPTION 12 13 14 15 16 17 18 19 20 21 22 23 24 25
YEAR
1992 56.00 28.00 14.00 23.00 11.50 5.74 41.60 41.60 41.60 41.50 41.60 41.60 41.60 41.60
1993 47.00 23.50 11.80 20.30 10.20 5.09 34.50 34.50 34.50 34.50 34.50 34.50 34.50 34.50
1994 49.50 24.80 12.40 20.20 10.10 5.05 36.80 36.70 36.70 36.70 36.90 36.80 36.80 36.70
1995 55.70 27.80 13.90 22.40 11.20 5.61 41.50 41.50 41.50 41.50 41.50 41.50 41.50 41.50
1996 41.40 20.70 10.30 18.30 9.13 4.57 30.20 30.20 30.20 30.20 30.20 30.20 30.20 30.20
1997 32.10 16.00 8.02 12.90 6.47 3.23 23.90 23.90 23.90 23.90 23.90 23.90 23.90 23.90
1998 38.80 19.40 9.71 19.60 9.81 4.91 29.00 29.00 29.00 29.00 29.00 29.00 29.00 29.00
1999 36.30 18.10 9.07 16.60 8.28 4.14 26.20 26.20 26.20 26.20 26.30 26.20 26.20 26.20
2000 41.00 20.50 10.20 16.50 8.26 4.13 30.60 30.50 30.50 30.50 30.60 30.60 30.50 30.50
2001 31.00 15.50 7.76 12.50 6.26 3.13 23.10 23.10 23.10 23.10 23.20 23.10 23.10 23.10


OPTION 12 13 14 15 16 17 18 19 20 21 22 23 24 25
YEAR
1992 50.00 25.00 12.50 20.50 10.20 5.11 37.20 37.20 37.20 37.20 37.20 37.20 37.20 37.20
1993 42.30 21.10 10.60 17.90 8.94 4.47 31.20 31.20 31.20 31.20 31.20 31.20 31.20 31.20
1994 2.13 1.06 0.53 1.04 0.52 0.26 1.46 1.41 1.40 1.38 1.56 1.47 1.44 1.41
1995 42.80 21.40 10.70 17.20 8.62 4.31 31.90 31.90 31.90 31.90 31.90 31.90 31.90 31.90
1996 36.40 18.20 9.10 15.60 7.79 3.89 26.80 26.80 26.80 26.80 26.80 26.80 26.80 26.80
1997 23.70 11.90 5.93 9.57 4.79 2.39 17.70 17.70 17.70 17.70 17.70 17.70 17.70 17.70
1998 22.90 11.40 5.72 14.30 7.13 3.56 15.00 15.00 15.00 15.00 15.00 15.00 15.00 15.00
1999 28.30 14.10 7.06 12.60 6.30 3.15 20.50 20.50 20.50 20.50 20.60 20.50 20.50 20.50
2000 36.50 18.30 9.13 14.70 7.37 3.68 27.20 27.20 27.20 27.20 27.30 27.20 27.20 27.20
2001 10.00 5.02 2.51 4.08 2.04 1.02 7.46 7.46 7.45 7.45 7.48 7.47 7.46 7.46


OPTION 12 13 14 15 16 17 18 19 20 21 22 23 24 25
YEAR
1992 22.70 11.40 5.68 9.24 4.62 2.31 16.90 16.90 16.90 16.90 16.90 16.90 16.90 16.90
1993 19.30 9.64 4.82 8.20 4.10 2.05 14.20 14.20 14.20 14.20 14.20 14.20 14.20 14.20
1994 0.90 0.45 0.23 0.65 0.33 0.16 0.66 0.66 0.66 0.66 0.67 0.66 0.66 0.66
1995 20.50 10.20 5.12 8.25 4.13 2.06 15.30 15.30 15.30 15.30 15.30 15.30 15.30 15.30
1996 15.80 7.90 3.95 6.86 3.43 1.72 11.60 11.60 11.60 11.60 11.60 11.60 11.60 11.60
1997 11.40 5.72 2.86 4.61 2.31 1.15 8.54 8.53 8.53 8.53 8.54 8.54 8.53 8.53
1998 8.17 4.09 2.04 5.65 2.83 1.41 5.12 5.12 5.12 5.12 5.13 5.12 5.12 5.12
1999 28.10 14.00 7.02 12.40 6.21 3.10 20.50 20.50 20.50 20.50 20.50 20.50 20.50 20.50
2000 18.70 9.33 4.66 7.52 3.76 1.88 13.90 13.90 13.90 13.90 13.90 13.90 13.90 13.90
2001 7.31 3.66 1.83 3.01 1.50 0.75 5.41 5.40 5.39 5.39 5.45 5.42 5.41 5.40


SCENARIO I: 1 Applications/Yr; Application time shifted if 1" of rainfall within 48hrs ; 
Annual Maximum Concentration (µg/l)


SCENARIO G: 3 Applications/Yr; Application time shifted if 1" of rainfall within 48hrs ; 
Annual Maximum Concentration (µg/l)


SCENARIO H: 2 Applications/Yr; Application time shifted if 1" of rainfall within 48hrs ; 
Annual Maximum Concentration (µg/l)
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Annual Maximum Concentrations (continued) 


OPTION  0  1  2  3  4  5  6  7  8  9 10 11
YEAR
1992 86.00 43.00 21.50 42.40 21.20 10.60 32.50 16.30 8.13 15.80 7.90 3.95
1993 81.80 40.90 20.40 41.10 20.50 10.30 31.80 15.90 7.96 16.90 8.47 4.23
1994 72.70 36.40 18.20 35.70 17.90 8.94 27.30 13.70 6.83 13.10 6.57 3.29
1995 82.60 41.30 20.60 40.40 20.20 10.10 30.80 15.40 7.71 14.60 7.32 3.66
1996 59.90 30.00 15.00 30.70 15.30 7.66 24.00 12.00 6.00 12.80 6.39 3.20
1997 47.90 23.90 12.00 23.40 11.70 5.86 17.90 8.93 4.47 8.49 4.24 2.12
1998 39.60 19.80 9.90 26.00 13.00 6.49 22.90 11.40 5.72 17.70 8.83 4.42
1999 51.80 25.90 12.90 26.90 13.50 6.73 21.30 10.70 5.33 11.80 5.89 2.95
2000 59.30 29.60 14.80 29.00 14.50 7.25 22.10 11.10 5.53 10.50 5.25 2.63
2001 46.30 23.10 11.60 22.70 11.30 5.66 17.30 8.65 4.32 8.23 4.11 2.06


OPTION  0  1  2  3  4  5  6  7  8  9 10 11
YEAR
1992 77.20 38.60 19.30 38.00 19.00 9.50 29.10 14.60 7.28 14.10 7.04 3.52
1993 57.50 28.80 14.40 28.80 14.40 7.21 22.30 11.20 5.58 11.70 5.83 2.91
1994 3.03 1.51 0.76 1.64 0.82 0.41 1.32 0.66 0.33 0.79 0.39 0.20
1995 63.40 31.70 15.80 31.00 15.50 7.75 23.60 11.80 5.91 11.20 5.62 2.81
1996 53.30 26.70 13.30 26.90 13.40 6.71 20.80 10.40 5.21 10.70 5.35 2.68
1997 35.40 17.70 8.85 17.30 8.66 4.33 13.20 6.61 3.30 6.28 3.14 1.57
1998 32.80 16.40 8.20 20.40 10.20 5.11 17.60 8.82 4.41 12.90 6.45 3.23
1999 40.50 20.20 10.10 20.80 10.40 5.20 16.30 8.17 4.09 8.81 4.40 2.20
2000 52.70 26.30 13.20 25.80 12.90 6.44 19.60 9.82 4.91 9.33 4.67 2.33
2001 15.50 7.74 3.87 7.59 3.80 1.90 5.80 2.90 1.45 2.78 1.39 0.69


OPTION  0  1  2  3  4  5  6  7  8  9 10 11
YEAR
1992 36.60 18.30 9.15 18.00 8.99 4.49 13.70 6.87 3.44 6.61 3.30 1.65
1993 32.70 16.30 8.16 16.30 8.16 4.08 12.60 6.31 3.15 6.44 3.22 1.61
1994 1.33 0.67 0.33 0.67 0.33 0.17 0.66 0.33 0.17 0.65 0.32 0.16
1995 30.50 15.30 7.64 14.90 7.47 3.74 11.40 5.70 2.85 5.41 2.71 1.35
1996 22.90 11.50 5.73 11.60 5.82 2.91 9.08 4.54 2.27 4.75 2.37 1.19
1997 17.10 8.54 4.27 8.35 4.17 2.09 6.37 3.18 1.59 3.02 1.51 0.76
1998 13.10 6.53 3.26 8.50 4.25 2.12 7.46 3.73 1.87 5.72 2.86 1.43
1999 40.30 20.10 10.10 20.60 10.30 5.16 16.20 8.08 4.04 8.62 4.31 2.15
2000 26.60 13.30 6.65 13.00 6.50 3.25 9.92 4.96 2.48 4.71 2.35 1.18
2001 15.50 7.74 3.87 7.59 3.80 1.90 5.80 2.90 1.45 2.78 1.39 0.69


SCENARIO K: 2 Applications/Yr; Application time shifted if 1" of rainfall within 
72hrs ; Annual Maximum Concentration (µg/l)


SCENARIO L: 1 Applications/Yr; Application time shifted if 1" of rainfall within 
72hrs ; Annual Maximum Concentration (µg/l)


SCENARIO J: 3 Applications/Yr; Application time shifted if 1" of rainfall within 
72hrs ; Annual Maximum Concentration (µg/l)
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Annual Maximum Concentrations (continued) 


OPTION 12 13 14 15 16 17 18 19 20 21 22 23 24 25
YEAR
1992 57.90 28.90 14.50 23.70 11.90 5.93 43.00 42.90 42.90 42.90 43.00 43.00 43.00 42.90
1993 55.50 27.80 13.90 23.60 11.80 5.91 40.90 40.90 40.90 40.90 40.90 40.90 40.90 40.90
1994 48.80 24.40 12.20 19.90 9.94 4.97 36.30 36.30 36.20 36.20 36.40 36.30 36.30 36.30
1995 55.30 27.70 13.80 22.30 11.20 5.58 41.30 41.30 41.30 41.30 41.30 41.30 41.30 41.30
1996 41.00 20.50 10.30 18.10 9.06 4.53 30.00 30.00 30.00 30.00 30.00 30.00 30.00 30.00
1997 32.10 16.00 8.02 12.90 6.47 3.23 23.90 23.90 23.90 23.90 23.90 23.90 23.90 23.90
1998 30.80 15.40 7.70 20.10 10.10 5.04 19.80 19.80 19.80 19.80 19.80 19.80 19.80 19.80
1999 35.70 17.90 8.93 16.30 8.15 4.08 25.80 25.80 25.80 25.80 25.90 25.80 25.80 25.80
2000 39.70 19.90 9.93 16.00 8.01 4.00 29.60 29.60 29.60 29.60 29.60 29.60 29.60 29.60
2001 31.00 15.50 7.76 12.50 6.26 3.13 23.10 23.10 23.10 23.10 23.20 23.10 23.10 23.10


OPTION 12 13 14 15 16 17 18 19 20 21 22 23 24 25
YEAR
1992 51.90 26.00 13.00 21.20 10.60 5.30 38.60 38.60 38.60 38.50 38.60 38.60 38.60 38.60
1993 39.00 19.50 9.75 16.50 8.27 4.14 28.80 28.80 28.80 28.80 28.80 28.80 28.80 28.80
1994 2.13 1.06 0.53 1.04 0.52 0.26 1.46 1.41 1.40 1.38 1.56 1.47 1.44 1.41
1995 42.50 21.20 10.60 17.10 8.56 4.28 31.70 31.70 31.70 31.70 31.70 31.70 31.70 31.70
1996 36.20 18.10 9.06 15.50 7.76 3.88 26.70 26.70 26.70 26.70 26.70 26.70 26.70 26.70
1997 23.70 11.90 5.93 9.57 4.79 2.39 17.70 17.70 17.70 17.70 17.70 17.70 17.70 17.70
1998 24.80 12.40 6.20 15.10 7.57 3.79 16.40 16.40 16.40 16.40 16.40 16.40 16.40 16.40
1999 27.80 13.90 6.94 12.40 6.19 3.10 20.20 20.20 20.10 20.10 20.30 20.20 20.20 20.20
2000 35.30 17.60 8.82 14.20 7.11 3.56 26.30 26.30 26.30 26.30 26.30 26.30 26.30 26.30
2001 10.40 5.19 2.60 4.21 2.11 1.05 7.73 7.72 7.72 7.72 7.75 7.73 7.73 7.72


OPTION 12 13 14 15 16 17 18 19 20 21 22 23 24 25
YEAR
1992 24.60 12.30 6.14 10.00 5.00 2.50 18.30 18.30 18.30 18.30 18.30 18.30 18.30 18.30
1993 22.10 11.10 5.53 9.33 4.66 2.33 16.30 16.30 16.30 16.30 16.30 16.30 16.30 16.30
1994 0.90 0.45 0.23 0.65 0.33 0.16 0.66 0.66 0.66 0.66 0.67 0.66 0.66 0.66
1995 20.50 10.20 5.12 8.25 4.13 2.06 15.30 15.30 15.30 15.30 15.30 15.30 15.30 15.30
1996 15.60 7.82 3.91 6.80 3.40 1.70 11.50 11.50 11.50 11.50 11.50 11.50 11.50 11.50
1997 11.40 5.72 2.86 4.61 2.31 1.15 8.54 8.53 8.53 8.53 8.54 8.54 8.53 8.53
1998 10.10 5.06 2.53 6.54 3.27 1.64 6.53 6.53 6.53 6.53 6.53 6.53 6.53 6.53
1999 27.60 13.80 6.90 12.20 6.10 3.05 20.10 20.10 20.10 20.10 20.10 20.10 20.10 20.10
2000 17.80 8.91 4.45 7.18 3.59 1.79 13.30 13.30 13.30 13.30 13.30 13.30 13.30 13.30
2001 10.40 5.19 2.60 4.21 2.11 1.05 7.73 7.72 7.72 7.72 7.75 7.73 7.73 7.72


SCENARIO J: 3 Applications/Yr; Application time shifted if 1" of rainfall within 72hrs ; 
Annual Maximum Concentration (µg/l)


SCENARIO K: 2 Applications/Yr; Application time shifted if 1" of rainfall within 72hrs ; 
Annual Maximum Concentration (µg/l)


SCENARIO L: 1 Applications/Yr; Application time shifted if 1" of rainfall within 72hrs ; 
Annual Maximum Concentration (µg/l)
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APPENDIX J 


Management Scenario Concentration Time Series for Maximum (1998) and Minimum (1999)  
Rainfall Year 
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Concentration Time Series for Maximum (1998) and Minimum (1999) Rainfall Year 


Application Window Scenarios (3/YR at Label Rate)
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Concentration Time Series for Maximum (1998) and Minimum (1999) Rainfall Year (continued) 


Application Window Scenarios (2/YR at Label Rate)
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Concentration Time Series for Maximum (1998) and Minimum (1999) Rainfall Year (continued) 


Application Window Scenarios (1/YR at Label Rate)
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Concentration Time Series for Maximum (1998) and Minimum (1999) Rainfall Year (continued) 


Application Window Scenarios (3/YR at Label Rate, 48 Hour Window)
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Concentration Time Series for Maximum (1998) and Minimum (1999) Rainfall Year (continued) 


Application Window Scenarios (3/YR at Label Rate, 48 Hour Window)


0


5


10


15


20


25


30


35


40


45


1/15/1998 1/29/1998 2/12/1998 2/26/1998 3/12/1998 3/26/1998 4/9/1998


Date


D
ia


zi
no


n 
C


on
ce


nt
ra


tio
n 


(µ
g/


l)


Scenario g; Option 18 Scenario g; Option 19 Scenario g; Option 20 Scenario g; Option 21
 


 


Application Window Scenarios (3/YR at Label Rate, 48 Hour Window)


0


5


10


15


20


25


30


35


40


45


1/15/1999 1/29/1999 2/12/1999 2/26/1999 3/12/1999 3/26/1999 4/9/1999


Date


D
ia


zi
no


n 
C


on
ce


nt
ra


tio
n 


(µ
g/


l)


Scenario g; Option 18 Scenario g; Option 19 Scenario g; Option 20 Scenario g; Option 21
 


 





		TITLE

		TABLE OF CONTENTS

		LIST OF TABLES

		LIST OF FIGURES

		LIST OF APPENDICES

		GENERAL INFORMATION

		ACKNOWLEDGEMENTS

		ACCRONYMS AND ABBREVIATIONS

		EXECUTIVE SUMMARY

		INTRODUCTION

		MODEL SELECTION

		MODEL SETUP

		Watershed Delineation

		Sub-Watersheds and Link Node Network

		Diazinon Environmental Fate Properties

		PRZM Input Data

		RIVWQ Input Data



		MODEL CALIBRATION AND PARAMETER SENSITIVITY ANALYSIS

		Calibration Process

		Calibration Results



		SIMULATIONS OF HISTORICAL USES OF DIAZINION

		MANAGEMENT SCENARIOS

		Application Factors

		Management Factors

		Scenario Results



		UNCERTAINTY

		CONCLUSIONS AND RECOMMENDATIONS

		REFERENCES

		TABLES AND FIGURES

		Cover.pdf

		December 2004[FINAL DRAFT]








 


Label-paper Printed 4/15/2015 1 


RESERVE THIS SPACE 


RESERVE THIS SPACE 
 


Modeling the Effectiveness of Mitigation 


Measures on the Diazinon Label  


Nathan J. Snyder,
1
 W. Martin Williams,


1
 Debra L. Denton,


2 
and 


Christian Bongard
1
 


1
Waterborne Environmental Inc., Leesburg, VA 20175


 


2
U.S. Environmental Protection Agency, Region IX, Sacramento, CA 95814  


Abstract: The Pesticide Root Zone Model (PRZM) and the 


water quality model for riverine environments (RIVWQ) were 


used in combination to evaluate diazinon sources, fate, and 


transport in the Main Drainage Canal within the Sacramento 


River Basin in Butte County, California. The modeling system 


was calibrated using historical stream flows and measured 


diazinon concentrations, and then applied in conjunction with 


monitoring data and GIS analysis to identify locations and 


timeframes of source loadings of agricultural uses of diazinon. 


Models were also used to evaluate effectiveness of 


implementing management practices, such as limiting 


application during dormant periods, implementing filter strips 


and setbacks, limiting applications if soils are saturated or if 


rainfall is forecast within a 48-hour period, and using larvae 


count to optimize applications.  The predicted reduction in 


diazinon loadings to water was 53 percent with a similar 


reduction in concentration for high exposure events. 


Monitoring data collected since label changes were 


implemented in 2004, have shown significant reduction in 


diazinon concentrations in surface waters in California’s 


Central Valley, presumably due to label changes, education 


and outreach, cancellation of non-agricultural uses of 
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diazinon, and an overall decrease of use of the product.  The 


models proved to be effective tools in evaluating the relative 


efficacy of these practices. 


Introduction 


Diazinon (O,O-Diethyl O-(2-isopropyl-6-methyl-4-pyrimidinyl) 


phosphorothioate) is a broad spectrum organophosphate insecticide registered 


for use on a variety of terrestrial food, feed, and nonfood crops.  Diazinon 


detection in the Sacramento and San Joaquin Rivers and their tributaries (1 – 7) 


resulted in the determination of water quality impairment and the establishment 


of Total Maximum Daily Loads (TMDLs) in segments of these water bodies.  


During this period, the U.S. Environmental Protection Agency (USEPA) 


sponsored several studies under the EPA Clean Water Act §319(h) Nonpoint 


Source Program to provide a better understanding of diazinon transport in the 


Sacramento River watershed, including the exposure assessment model 


discussed herein. 


The work was conducted under the Sacramento River Toxic Pollutant 


Control Program (SRTPCP) to evaluate diazinon sources in the Sacramento 


River watershed. Activities were directed toward a 38,000-acre area of the Main 


Drainage Canal (Figure 1). Models were used to assist in identifying sources of 


diazinon in the basin and to evaluate the relative benefits achieved by 


implementing the changes to the diazinon labels and other management 


practices. The Main Drainage Canal was selected for evaluation to complement 


and expand the utility of other 319(h) initiatives in the sub-watershed that 


included water quality monitoring in fields and storm monitoring of lateral 


drainage ways where specific management practices were implemented. The 


modeling work was completed in 2004. 


Several years of monitoring are now (2010) available to determine whether 


the label changes have been effective in reducing the transport of diazinon to 


aquatic systems. This paper documents the modeling development and results of 


the model and reviews monitoring before and after the implementation of the 


label modifications. 
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Figure 1. Map of California, Sacramento River Watershed, and the Main 


Drainage Canal Watershed within Butte County, California 


Model Selection 


The environmental fate of a pesticide resulting from agricultural uses is 


governed by the complex interaction of numerous factors, including the 


physicochemical characteristics of the pesticide, the agronomic practices related 


to the production of the crop and the use of the pesticide, the soil and 


hydrogeological conditions where the pesticide is utilized, and climatological 


conditions at the time of and following its application. Under label uses, 


diazinon has the potential to appear in aquatic environments as the result of 


runoff, erosion, and spray drift sources. To estimate environmental 


concentrations of diazinon in aquatic ecosystems, models were required that 


account for as many of these governing processes as possible. 


The Pesticide Root Zone Model (PRZM) was selected to evaluate the 


potential movement of diazinon residues in the terrestrial system based on the 


model’s ability to account for pertinent environmental processes and because of 


the preference for its use by USEPA's Office of Pesticide Programs (8). PRZM 


is a dynamic, compartmental model for use in simulating water and chemical 


movement in unsaturated soil systems within and below the plant root zone (9). 


The model simulates time-varying hydrologic behavior on a daily time step, 


including physical processes of runoff, infiltration, erosion, and 
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evapotranspiration. The chemical transport component of PRZM calculates 


pesticide uptake by plants, surface runoff, sediment transport, decay, vertical 


movement, foliar loss, dispersion and retardation. The model includes the ability 


to simulate metabolites, irrigation, and hydraulic transport below the root zone. 


PRZM predicted chemical movement in runoff, sediment, and subsurface were 


used as boundary condition loadings along the channel system in the River 


Water Quality Model (RIVWQ).  


RIVWQ was selected based on its ability to simulate time-varying flow, 


represent multiple chemical dissipation pathways, and because of previous 


applications of its integration with PRZM (10). Model geometry is based on the 


link-node approach in which the simulated system is divided into a number of 


discrete volumes (nodes or junctions), which are connected by flow channels 


(links). The model assumes steady state hydraulics that can change from time 


period to time period (i.e., any change in the hydraulic regime is assumed to be 


instantaneous throughout the system). Dynamic constituent transport is a 


combination of advective flows and dispersion processes. Dispersion processes, 


including constituent mixing as a result of backwater and flow reversals, are 


lumped together into a single dispersion coefficient. Chemical constituent mass 


balance is calculated at each node and can accommodate dilution, advection, 


volatilization, partitioning between water and sediment, degradation in water 


and sediment, burial in sediment, and re-suspension from sediment. The 


RIVWQ model includes transformation of parent chemical to metabolites and 


the degradation of the metabolites and operates under a user-specified time step 


that must satisfy certain stability criteria. For this study, model simulations were 


conducted using time steps on the order of minutes  


In combination, PRZM and RIVWQ simulated temporal and spatially 


varying applications of diazinon in the watershed; the transport of diazinon into 


and along the stream network by drift, runoff, erosion, and subsurface sources; 


adsorption-desorption to soil and sediment; and degradation in soil, water, and 


sediment from photolytic and metabolic processes. 


Model Setup 


Watershed Delineation 


The drainage area of the Main Drainage Canal encompasses 38,000 acres in 


Butte County, California, upstream of the U.S. Geological Survey (USGS) 


monitoring station 392144121492301, Main Drainage Canal at Gridley Road. 


The external watershed delineation was completed by the USGS and made 


available for use in this study in a geographical information system (GIS) 


format. The delineation process was difficult in certain areas because of the 
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relatively flat topography and complex drainage network having multiple 


intersections and bidirectional canals and waterways. 


Sub-Watersheds and Link Node Network 


Model resolution was based on the available data (primarily the County 


Meridian Township-Range-Section which was the basis of diazinon use data), 


the study budget, and model stability considerations. The channel network was 


defined starting with the National Hydrography Dataset (5) as shown in the 


upper left hand corner of Figure 2. A subset of principal channels was 


represented in the model based on their linkage to the outlet channel being 


monitored (Node 2). Model nodes were selected to correspond with tributary 


junctions and monitoring locations. Additional intermediate nodes were inserted 


to provide surface drainage entry locations into the channel system and to 


preserve numerical stability.  


 


 
Figure 2. Sub-Watersheds and Link Node network – Model Representation of 


Main Drainage Canal Watershed. 


The watershed was delineated into a number of sub-watersheds that share a 


common surface drainage entry location. A total of 70 sub-watersheds were 


defined as shown in Figure 2. Delineation was based on the publication “Study 


of Diazinon Runoff in the Main Canal Basin During the Winter 2000-2001 


dormant spray season” (11), a review of topographic maps (1:24,000 scale), and 


best professional judgment. The drainage area of the Main Drainage Canal 







 


Label-paper Printed 4/15/2015  6 


(approximately 15,400 ha) has little relief (~12 m  total gradient). Available 


topographic data (5-ft or approximately 1.5-m intervals) were not precise 


enough to accurately define drainage divides within the drainage area and made 


it difficult for the USGS to define the outer watershed boundary. For example, 


on the 1:24000 topographic maps, there are many areas with one or more miles 


between topographic intervals. Many of the drainage divides were assumed to 


occur midway between channels because the resolution of topographic data 


prevented a more exact drainage definition. 


PRZM Input Data 


Water and diazinon mass originating from the sub-watersheds were 


predicted by conducting 147 unique PRZM simulations. Each simulation was 


defined by the intersection of land areas designating different combinations of 


soil, land use, weather, and diazinon use. Discussion on individual data sources 


is provided below.  


Soils. The National Resources Conservation Service (NRCS) office in Chico 


provided maps and soil properties for the section of the county that includes the 


Main Drainage Canal area. Soil delineations for the watershed were digitized as 


part of this study (Figure 3). Soil properties were processed into a format 


required for model input. 


Land use. Detailed land use data for Butte County were obtained from the 


California Department of Water Resources 1994 Land Use Survey (Figure 4). 


For agronomic model inputs, specific land use categories were grouped into 


broader categories based on similarity in agriculture or impact on model 


configuration (Figure 5). Bi-annual Farmland Mapping and Monitoring Program 


(FMMP) data were reviewed to ensure that land use changes between 1994 and 


2002 would not significantly compromise results. 


Crop Parameters. Parameter estimation guidelines in the PRZM manual were 


used to derive cropping dates for emergence, maturation, and harvest, in 


addition to other crop parameters for interception storage, active root depth, 


areal coverage, and maximum canopy height.  
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Figure 3. Soils – Digitized from NRCS Preliminary Mapping (no published soil 


survey in print) 


 
Figure 4. All Land Use Attributes in Main Drainage Canal Watershed from 


California Department of Water Resources 1994 Butte County Land Use Survey. 


Weather Data. Precipitation and temperature data were obtained from the 


National Climatic Data Center (13) for the National Weather Service station at 


Oroville, CA (46521). For days with missing values, data from the next closest 


station at Willows, CA (49699) were used. The alternate station was used less 


than 5% of the time for precipitation and less than 20% for temperature values. 


The Oroville station is approximately 13.5 km (closest point) to 29 km (farthest 


point) from the watershed border. The fill-in data from the Willows station is 
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approximately 50 km from the watershed center. The elevations of the Oroville 


and Willows stations are approximately 52.1 and 71.0 m above sea level, 


respectively. The elevation of the watershed ranges from approximately 21.3 to 


30.5 m above sea level. 


 
Figure 5. Grouped Land Use Data for Model Configuration in Main Drainage 


Canal Watershed from California Department of Water Resources 1994 Butte 


County Land Use Survey. 


Diazinon Environmental Fate Properties.  Environmental fate properties for 


diazinon were obtained from a modeling study of diazinon conducted by 


USEPA (12) as seen in Table I. 


Diazinon Applications. Diazinon use was obtained from the California 


Department of Pesticide Regulation (CDPR) Pesticide Use Report (PUR) 


database (14, 15). The PUR database reports all agricultural uses of registered 


pesticides by active ingredient and crop, including application date and rate by 


County Township, Range, and Section (COMTRS). All records of diazinon use 


in the CDPR database over the 10-year simulation period (1992-2001) within 


the study area were simulated with the model. Land use data were used to better 


pinpoint applications for those COMTRS units (square mile sections) that 


straddled the watershed divide. Urban and homeowner uses were not simulated 


in the model as these use patterns have been discontinued.  Historical uses of 


diazinon in the watershed are tabulated and mapped in Figure 6. Diazinon use 


was concentrated in the eastern, upper portions of the watershed. 
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Table I. Diazinon Properties 


Property Value 


Molecular weight 303.3 g mol
-1


 


Solubility 40  mg L
-1


 


Henry’s Law Constant 1.4 x 10
-7


 atm-m
3
 mol


-1
 


Koc   758 mL g
-1


 


Foliar degradation, T½ 4.0 d 


Washoff 0.5 /cm rainfall 


Aerobic soil metabolism, T½ 41.1 d 


Anaerobic soil metabolism, T½ 82.2 d 


Soil photolysis, T½ 20 hours 


Water decay rate, T½ 82.2 d 


Sediment decay rate, T½ 164.4 d 


Note: T½ = half-life 


 


 


 


 


 


 


 


 


 


A total of 147 PRZM simulations were required to represent unique 


combinations of soils, land use, and diazinon applications in the watershed 


(Figure 7). These unique areas are displayed with the sub-watershed drainage 


area and the river channel/link-node network that form the complete 


representation of the Main Drainage Canal model. A given PUR point may be 


found in multiple unique PRZM runs if the COMTRS cell intersects with 


multiple soils. Output from a PRZM simulation was assigned to one or more 


sub-watersheds depending on whether those soil-crop-application conditions 


occurred in that sub-watershed. Output for a sub-watershed was calculated by 


area weighting the appropriate percentage of unique simulations that define the 


soil-land use-application conditions in the sub-watershed. Output from each sub-


watershed enters the stream network at the downstream node (e.g., area 370 


drains to and enters node 76). 
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Figure 6. Applications – 1994-2001 – PUR cells with applications shown. Table 


shows crops and amounts in each COMTRS area. 


 


Figure 7. Unique Model Input Intersect: Soil, Application Data, and General 


Landuse in addition to Sub-Watersheds and Link Node Network (with 


monitoring locations designated). 
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RIVWQ Input Data 


RIVWQ utilizes a number of input parameters to define the channel system, 


including link-node topology (designating which nodes drain into which other 


nodes), stage-storage-discharge relationships (relating channel geometry, 


frictional resistance, and dispersion), and sediment properties (bulk density, 


organic matter, and water-sediment transfer coefficients). Channel 


characteristics were based on limited observations from a field reconnaissance 


trip to the watershed in 2002, interviews with Peter Dileanis (USGS), Fred 


Thomas (CERUS Consulting), and inferred from Briggs and Oliver (11). Initial 


drift loads were based on USEPA default values for modeling aerial and airblast 


(predominate ground application method) using 5% of the application rate 


across the surface area of the water body. Values were refined during 


calibration. 


Model Calibration and Parameter Sensitivity Analysis 


Model performance was evaluated by comparing model predictions to 


measured streamflow and diazinon concentrations at model nodes where 


sufficient monitoring data were available. Graphical outputs were compared 


visually to evaluate model performance.  The time-series dataset was poorly 


populated, making statistical analyses difficult. Streamflow data for USGS 


gauge number 392144121492301, Main Drainage Canal at Gridley, were 


provided by Peter Dileanis, USGS, Sacramento District office. Monitoring 


results for diazinon were obtained from six sources, some unpublished, 


including the CVRWQCB Staff Report July 2000; Water Resources 


Investigations Report 02-4101; NWISWeb data for the nation; and unpublished 


data by the USGS. In addition, the 319(h) studies provide in-field runoff data 


and water samples collected from interior drainage canals. Figure 7 identifies the 


four locations with monitoring data available for at least short periods of time 


between 1994 and 2001.  


Sensitivity analyses were performed on selected input parameter values, 


including diazinon degradation rate constants, spray drift loads, channel cross-


sectional geometry, and channel storage routing coefficients. The study initially 


involved the use of PRZM version 3.12, which did not consider subsurface 


lateral inflow into the receiving water system. This feature was added to PRZM 


and became a component to the sensitivity analysis. Degradation rates, drift 


parameters, crop values, and sedimentation values resulted in minor differences 


in the results. The most sensitive parameters were related to base flow and flow 


attenuation as discussed below. 


Input parameter values were adjusted within realistic ranges in an attempt to 


better reproduce event timing, magnitude, and duration. Cross-sectional 
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geometry was refined during the calibration process upon receipt of additional 


data from Dileanis and Thomas. These adjustments provided a relatively small 


impact on model predictions. Base flow and other subsurface lateral return flow 


were incorporated into the model and proved to be both highly sensitive and 


improve predictions of streamflow magnitude, event duration, and, 


consequently, diazinon event concentration magnitude and duration. 


Implementing other storage/attenuation mechanisms (Muskingum routing, dead 


storage) provided incremental improvements in model performance. The storage 


term compensated for various attenuation factors that exist in the agricultural 


landscape that were not specifically represented, including interior features of 


the sub-watersheds (depressions, wetlands, ponds, channel obstructions and side 


pools, and smaller ditches/canals/streams). Subsurface flow was the primary 


calibration parameter. Curve numbers were adjusted for the lower basin, which 


is predominately rice land use. Drift loads were adjusted in some areas of the 


basin in order to improve model predictions. 


Calibration results are presented in Figures 8 and 9. Figure 8 compares 


predicted versus observed streamflow and diazinon concentration at four 


locations for 2001, the year with the best record of diazinon concentration in 


terms of sample frequency. The top panel presents daily precipitation (cm) for 


reference and interpretation purposes. The middle panel presents streamflow (m
3
 


s
-1


) and the lower panel contains diazinon (µg L
-1


). Monitoring locations are 


provided in Figure 7. Figure 9 presents results for 1994, 2000, and 2001 on the 


Main Canal (node 2). Observed streamflow data were not available for 1994 and 


2000 for comparison. It was noted in the data supplied by CVRWQB that the 


2000 data were mostly obtained through ELISA analysis, which showed a bias 


towards higher concentrations when compared to GC/MS results.  In general, 


runoff event timing and duration tracked observed data. Predictions of 


streamflow during runoff events were generally within several cfs in the North 


(node 118), Middle (node 38), and South (node 36) laterals, but up to 150 cfs 


(4.24 m
3
 s


-1
) in the Main Drainage Canal. 


In general, diazinon concentrations were within several µg L
-1


 of measured 


values. Diazinon concentrations in the Middle Lateral (node 38) appeared to be 


consistently under predicted during 2001 (Figure 8), but the difference was 


within 1 µg L
-1


. Streamflow was under predicted in the Main Drainage Canal 


(node 2) during 2001. Other locations had no consistent over- or under 


prediction between streamflow or diazinon exposure events. System 


modifications that improved the performance at these locations (nodes 38 and 2) 


adversely impacted model performance elsewhere in the system.  


The model could not reproduce the observed concentrations of diazinon 


seen around February 21, 2001, in the North Lateral canal (node 118; Figure 8) 


because there was no record of diazinon use in the PUR database. Either the 


observed concentrations represented an unreported use of diazinon in the 


watershed or boundary condition inflow from external uses (i.e., an external 
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source of water upstream of this location). Water flow entering the watershed at 


the North Lateral was accounted for by increasing baseflow during the 


calibration process. However, external loading of chemical was not included.  It 


may be possible that application dates in the PUR are incorrect for areas 


contributing to this location because model predictions from March 1 to March 8 


were anomalously high. 
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Figure 8. Calibration Results for Year 2001.
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Figure 8. Calibration Results for Year 2001. 
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Main Drainage Canal (Node 2) Predicted and Observed Diazinon Concentrations
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Figure 9. Calibration Results for Years 1994, 2000, and 2001. 


Environmental chemistry properties for diazinon were not adjusted during 


calibration. Reducing degradation half-lives for PRZM may improve model 


performance later in the season, but uncertainties in other areas of model 
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configuration did not provide sufficient justification for changing degradation 


rates. As a result, diazinon properties remained consistent with those used in 


earlier simulations by the U.S. Environmental Protection Agency (12, 16). The 


final configuration was determined to be the best compromise for the system at 


large.  


SIMULATIONS OF HISTORICAL USES OF DIAZINION 


Predicted concentrations of diazinon in the Main Drainage Canal (Node 2) 


for the simulation period 1992 through 2001 are presented in Figure 10. The 


figure also presents daily precipitation for the Oroville weather station and 


model predictions of streamflow for the same period. Simulations reflect actual 


use of diazinon in the watershed as reported in the PUR database use for the 


same period. The figure illustrates seasonal and annual variability in 


precipitation, streamflow, and diazinon concentration. 


Annual maximum diazinon concentrations are summarized in Table II for 


four points of interest, the Main, North, Middle, and South canals. Both Figure 


10 and Table II illustrate the relative difference between years when relatively 


high (1992, 1993, 1994, and 2000) and low concentrations (1997, 1998, 1999, 


and 2001) were observed. Similar tables can be generated for other endpoints 


(e.g., 96-hour durations). Peak concentrations of diazinon ranged from 0.96 µg 


L
-1


 (2001) to 11.7 µg L
-1


 (2000) in the Main Drainage Canal. The highest 


concentration (27.6 µg L
-1


) was predicted in the Middle Lateral for 2000. 


The predominant source of diazinon loading was from runoff (Table III). 


Drift and subsurface transport pathways were relatively small. Furthermore, 


diazinon pulses coincided with rainfall events as opposed to application events. 


There were no noticeable spikes on the days without rain, and it is unlikely that 


applications were occurring during rainfall events. 


Based on 2001 use patterns, source loadings were concentrated in the 


eastern, upper part of the watershed (Figure 11). The lower basin, primarily 


planted in rice, has negligible use of diazinon. Subbasins generating the highest 


loadings to the aquatic environment included those numbered 150, 160, 690, 


710, 720, and 730 on the South Lateral and 580, 600, and 740 on the North 


Lateral. These sub-watersheds were characterized as having large percentages of 


soils of Hydrologic Soil Groups C or D (Figure 3) and significant acreage of 


stone fruit treated with diazinon (Figure 6). 
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Main Drainage Canal (Node 2) Predicted (1992-2001) Flow and Diazinon Concentrations
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Figure 10. Predicted Streamflow and Diazinon Concentration in Main Drainage 


Canal for Simulation Periods 1992-2001. 
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Table II. Simulated Maximum Annual Concentration of Diazinon in Main 


Drainage Canal and Laterals 


 Max. Annual Concentration in Water (μg L
-1


) 


Year 


Main Drain 


Node 2 


North  


Node 118 


Middle 


Node 38 


South 


Node 36 


1992 8.38 10.70 8.45 7.02 


1993 11.70 17.80 19.50 15.20 


1994 9.18 7.59 11.80 10.10 


1995 6.94 4.66 5.06 16.50 


1996 7.28 5.23 6.47 10.60 


1997 4.32 3.97 17.30 2.16 


1998 3.87 7.36 3.93 7.70 


1999 5.03 15.80 18.60 4.91 


2000 8.72 22.10 27.60 19.60 


2001 0.96 4.27 0.34 6.20 


 


Table III. Simulated Mass Loadings of Diazinon to Receiving Water System 


from Runoff, Subsurface and Drift Sources 


Year 
Mass 


(kg) 


Runoff 


(%) 


Subsurface 


(%) 


Drift 


(%) 


1992 8.42 99.75% 0.13% 0.11% 


1993 15.76 98.08% 1.84% 0.09% 


1994 7.42 98.21% 1.69% 0.12% 


1995 12.35 99.21% 0.74% 0.06% 


1996 9.55 96.09% 3.78% 0.13% 


1997 5.64 99.80% 0.03% 0.16% 


1998 3.83 90.13% 9.71% 0.15% 


1999 7.98 97.69% 2.24% 0.07% 


2000 21.32 98.86% 1.11% 0.04% 


2001 1.98 99.70% 0.12% 0.19% 
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Figure 11. Aquatic Loadings of Diazinon by Sub-Watershed for 2001. 


Diazinon applications in the watershed generally occur from December 


through March with the highest use in January and February. An additional, but 


lesser, use of diazinon occurs in the watershed in the late spring/summer months 


(May through September). The application window for diazinon on dormant 


orchards coincides with the wet season (December through March) with the 


months of highest use corresponding with the wettest months of the year 


(January and February). Thus, the majority of diazinon use is during periods 


when runoff events are most likely to occur. Periods of highest concentration are 


also predicted to occur during the December to March, although in some years 


elevated concentrations were predicted to occur through May. 


MANAGEMENT SCENARIOS 


Management practices were added to product labels for diazinon use on 


dormant orchards in the San Joaquin and Sacramento River basins in 2004 to 


minimize the transport of diazinon to aquatic ecosystems. Practices included 


ground application only during the dormant season, requiring a 3.0 m vegetative 


filter strip (VFS) to reduce runoff, and a 30.5 m application setback to reduce 


drift, limiting applications if soils are saturated or if rainfall is forecast within a 


48-hour period, encouraging optimum timing for application based on larvae 


count/development, and restricting applications based on wind speed and wind 


direction to minimize spray drift. 
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The impact on each practice was evaluated by comparing model predictions 


of diazinon concentrations in the Main Drainage Canal and mass loadings of 


diazinon into receiving streams to model predictions of baseline conditions. For 


the purpose of this assessment, baseline conditions were defined as current uses 


of diazinon, based on the last several years of PUR records, and standard 


agronomic practices in place prior to the recent stewardship program recently 


promoted by the Coalition for Urban/Rural Environmental Stewardship 


(CURES) and implemented on product labels. Model simulations were 


conducted using 10 years of historical weather data (1992-2001) to evaluate 


diazinon transport to receiving water streams in a probabilistic fashion  (i.e., 


under a range of low, moderate, and high runoff conditions).  


A 12 x 25 scenario matrix was developed consisting of variations in 


application frequency, rate, and rainfall forecasting restrictions (17) with 


variations in percent of crop treated, application setback requirements (drift 


reduction buffers), VFS widths, and maintenance of inter-row VFS (13). The 


scenario matrix (Tables IV and V) includes and expands on the management 


practices recently implemented on product labels. The matrix also provides a 


sensitivity analysis on use conditions that could occur; for example, if all 


candidate crop acreage in the watershed were treated at the maximum label rate.  


Application Factors 


Each application scenario consisted either of 1, 2, or 3 applications per year at 


the label rate of 2.24 kg ha
-1


 per application. The number of applications 


reflected options permissible on product labels. Application dates and intervals 


were based on an analysis of the PUR data for the years 1998 to 2002. When 


three applications were simulated, applications were scheduled to occur over 7-


day intervals centered on February 2nd, 20th, and 27th. When two applications 


were simulated, the applications were centered on February 20 and 27. When a 


single application, was simulated, the window was centered at February 20. In 


the analyzed time period, the 7-day windows around February 2nd, 20th, and 


27th accounted for 12.5%, 27.6%, and 19.1% the total applications, for a total 


59.2% of all applications around the three dates. 
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Table IV. Application Conditions Simulated in Scenario Matrix 


Application 


Scenario Applications per Year Rainfall Window 


A 3/yr at max rate no restriction 


B 2/yr at max rate no restriction 


C 1/yr at max rate no restriction 


D 3/yr at max rate 24-hr window 


E 2/yr at max rate 24-hr window 


F 1/yr at max rate 24-hr window 


G 3/yr at max rate 48-hr window 


H 2/yr at max rate 48-hr window 


I 1/yr at max rate 48-hr window 


J 3/yr at max rate 72-hr window 


K 2/yr at max rate 72-hr window 


L 1/yr at max rate 72-hr window 
Note: Rainfall window refers to management practice prohibiting application if 


rainfall is forecast within the designated period (e.g., within the next 24 hours)   


  


Scenarios were designed to simulate the effect of restricting applications 


within 24, 48, or 72 hours of a forecasted rainfall event. If rainfall of one inch or 


more occurred within the target window, applications were shifted to occur 


before or after the originally targeted application date. The scenario assumed all 


applications would occur, but the timing would shift if the potential for rainfall 


was forecast. The 12 application scenarios are summarized in Table IV. The 


applications factors are listed in Table VI. 


Management Factors 


Twenty-five runoff/drift conditions were simulated for each of the 12 


application scenarios (Table V). The conditions included both management 


factors to mitigate diazinon transport and a sensitivity analysis to address 


uncertainty in model parameterization. The management factors (21 conditions) 


include reducing treated acreage, using VFS, maintaining inter-row vegetative 


filter strips, and implementing buffer strips to reduce direct spray drift to 


adjacent ditches and streams.  Four additional conditions were simulated to 


address uncertainty in estimates of potential ditch and stream exposed to drift. 
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Table V. Reduction Factors Used in Management Scenario Matrix 


Option 


FRAC_ 


STRM 


FRAC_ 


DRFT 


FRAC 


_APP 


RUN_ 


FRAC Comment 


0 1.00 0.05 1.00 1.00 100% crop treated 


1 1.00 0.05 0.50 1.00 50% crop treated 


2 1.00 0.05 0.25 1.00 25% crop treated 


3 1.00 0.05 1.00 0.489 10'-VFS, 100% crop treated 


4 1.00 0.05 0.50 0.489 10'-VFS, 50% crop treated 


5 1.00 0.05 0.25 0.489 10'-VFS, 25% crop treated 


6 1.00 0.05 1.00 0.373 20'-VFS, 100% crop treated 


7 1.00 0.05 0.50 0.373 20'-VFS, 50% crop treated 


8 1.00 0.05 0.25 0.373 20'-VFS, 25% crop treated 


9 1.00 0.05 1.00 0.177 50'-VFS, 100% crop treated 


10 1.00 0.05 0.50 0.177 50'-VFS, 50% crop treated 


11 1.00 0.05 0.25 0.177 50'-VFS, 25% crop treated 


12 1.00 0.05 1.00 0.67 50%IRC, 100% crop treated 


13 1.00 0.05 0.50 0.67 50%IRC, 50% crop treated 


14 1.00 0.05 0.25 0.67 50%IRC, 25% crop treated 


15 1.00 0.05 1.00 0.27 100% IRC, 100% crop treated 


16 1.00 0.05 0.50 0.27 100% IRC, 50% crop treated 


17 1.00 0.05 0.25 0.27 100% IRC, 25% crop treated 


18 1.00 0.032 0.50 1.00 No setback,  50% crop treated 


19 1.00 0.018 0.50 1.00 25’ setback, 50% crop treated 


20 1.00 0.012 0.50 1.00 50’ setback, 50% crop treated 


21 1.00 0.008 0.50 1.00 100’ setback, 50% crop treated 


22 2.00 0.032 0.50 1.00 no setback, 2x width, 50% treated 


23 2.00 0.018 0.50 1.00 25’ setback, 2x width, 50% treated 


24 2.00 0.012 0.50 1.00 50’ setback, 2x width, 50% treated, 


25 2.00 0.006 0.50 1.00 100’ setback, 2x width, 50% treat. 


Distances of 10, 20, 25, 50, and 100 ft equal 3.0, 6.1, 7.6, 15.2, and 30.5 m. 


IRC:  Inter-row vegetative cover 


VFS:  Vegetated filter strip 


FRAC_STRM:  Fraction of fields within drift receiving area 


FRAC_DRFT:  Fraction of application rate hitting water surface 


FRAC_APP:  Fraction of crop acreage treated. 


RUN_FRAC: Runoff/erosion reductions for VFS and inter-row vegetative cover 


Table VI. Application Factors in 12 x 25 Scenario Matrix 


Factor Variation 


Number of applications 1, 2, or 3 applications per year 


Rainfall forecast restriction 0, 24, 48, and 72-hr restriction 
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The 25 management conditions (Table VII) were simulated by applying 


reduction factors to scale drift and/or runoff loadings of diazinon from the 


agricultural system (predicted by the PRZM model) to the river system 


(predicted by RIVWQ). 


Table VII. Management Factors in 12 x 25 Scenario Matrix 


Factor Variation 


Crop treatment 25%, 50%, 100% of crop acreage treated 


Vegetative filter strip  0, 10, 20, and 50 ft (0, 3.0, 6.1, and 15.2 m) 


Inter-row vegetative filters 0%, 50%, and 100% vegetative filter cover 


Drift buffer  0, 25, 50 and 100 ft (0, 7.6, and 15.2 m) 


Drift reception area Baseline and 2x baseline 


 


The three crop treatment percentages reflect the fact that not all 


fields/orchards are treated in a given year. An analysis of previous application 


years (1998-2002) showed that between 13% and 31% of the potential crop area 


(as mapped in 1994 Butte County land use survey, Figure 4) received 


applications. The 25% scenario most accurately reflected recent yearly 


applications, whereas 50% and 100% treatments, although not typical, were still 


possible given the current labels. 


Runoff loading reductions resulting from vegetative filter strips of variable 


widths were represented using empirical reduction factors incorporated in the 


SWAT model (18). The filter trap efficiency provided in SWAT is based on 


empirical data and is represented as: 


 


trapef = 0.367 (widthfiltstrip)
0.2967 


 


in which trapef is the fraction of the loading trapped and widthfs is the width in 


meters of the filter strip. 


Reductions from inter-row vegetative filters was based on research by 


Watanabe and Grismer (19) in which observed diazinon runoff, as a percent of 


applied active ingredient, was 8.6%, 5.8%, and 2.3% with 0%, 50%, and 100% 


inter-row VFS cover, respectively. In rainfall simulation based studies, the 


authors achieved similar results when a 50 mm hr
-1


 rainfall event was used and 


had lower diazinon losses with lower intensity rainfall events. Their high-


intensity rainfall results were used for this study as conservative estimates of 


effectiveness. 


The base drift fraction scenario assumed 5% drift with all stream surface 


area potentially close to a field receiving an application. Drift reductions to 


conform to the 30.4 m setback and wind speed/wind direction management 


practices were based on airblast model predictions using AgDRIFT (20). Drift 


loads predicted by the AgDRIFT model were as follows:  7.6 m = 1.78%, 15.2 
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m = 1.23%, and 30.4 m = 0%. A high-resolution analysis of field proximity to 


ditches and streams was not incorporated into the model setup. A sensitivity 


analysis was included to address uncertainty in the surface area of ditches and 


streams receiving spray drift. For the sensitivity analysis, the potential receiving 


area was doubled. This factor likely represented a more conservative estimate of 


drift. Reduction factors used for each scenario are summarized in Table VII. 


Definitions for each factor are provided below: 


 FRAC_STRM:  Fraction of fields within drift receiving area. A value of 1.0 


indicates all stream surface area receives the drift rate (determined with the 


FRAC_DRFT). A value less than 1.0 indicates a reduction.  


 FRAC_DRFT:  Fraction of application rate hitting water surface (function of 


VFS width or drift setback.) 


 FRAC_APP:  Fraction of crop acreage treated. 


 RUN_FRAC: Runoff/erosion reductions for VFS and inter-row vegetative 


filters. The factors were applied to runoff/erosion loads, not drift or 


subsurface sources. 


Scenario Results 


Scenarios were evaluated by comparing annual loadings of diazinon to 


water, predicted by the model from runoff, drift, and subsurface sources, and by 


comparing annual maximum concentrations predicted at the outlet of the Main 


Drainage Canal to baseline conditions. Scenarios used the same historical 


weather data simulated with the baseline scenario in order to provide a side-by-


side comparison. The upper 10
th


 percentile values calculated from the annual 


series were used for the comparison. Baseline conditions were represented as 


25% of crop treatment at a single application per year. Comparing individual 


scenario results in Figure 12 provided a means to evaluate the relative impacts 


of individual factors. 


 Number of applications. Increasing the number of applications resulted in an 


increase in diazinon concentration of 111% with two applications and 151% 


with three applications. These results were not directly proportional to the 


total increase in applied diazinon mass because of the stochastic nature of 


rainfall and the temporal aspects of degradation and other dissipation 


mechanisms.  
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 Rainfall restriction. The benefits of restricting applications based on 


forecasted rainfall varied on a storm-by-storm basis. Relatively little benefit 


occurred in the upper 10
th


 centile concentration. The 24-hour restriction 


provided a reduction of 3.5%, but the 72-hour restriction increased 


concentration by approximately 10%. The increased concentration associated 


with the 72-hour restriction was associated with a greater mass of diazinon 


on surface soils at the onset of the storm event associated with the upper 10
th
 


centile concentration. The mass increase resulted from condensed 


applications.  


 Percent crop treated. Increasing the percent of treated crop from 25% to 50% 


and 100% percent resulted in increased concentrations of 100% and 298%, 


respectively.  


 Vegetative filter strips. Vegetative filter strips (VFS) reduced diazinon 


concentrations by 51%, 63%, and 82% with VFS widths of 3, 6.6, and 15.2 


m, respectively (C5, C8, and C11 compared to C2). These results reflected 


optimal conditions. In practice, VFS must be maintained to minimize and 


prevent channel formation and short-circuiting.  


 Inter-row vegetative filters. Inter-row vegetative filters reduced 


concentrations by 33% and 72% with coverage of 50% and 100%, 


respectively. 


 Drift buffers. The 7.6, 15.2, and 30.4 m setback distances provided relatively 


little impact on the upper 10
th


 centile diazinon concentrations and total period 


mass loadings. Drift reduction had the greatest impact on shallow headwater 


ditches and streams, which were not included in the link-node representation 


of the channel system, and in reducing low-level concentrations of diazinon 


between runoff events during the application season.  


 Drift reception area. Doubling the drift load to account for uncertainty in the 


surface area exposed to drift proved to be a relatively insensitive parameter 


because of the dominance of runoff in total mass loadings and high exposure 


events. 


 


The recent label practices are represented as 25% crop treatment, a single 


application per year, a 24-hour rainfall window, and a 3.0 m VFS. The 30.4 m 


setback for drift reduction was not included with these other factors in scenario 


F5. The relative benefit of the drift buffer was minor as discussed above and as 


shown between scenarios F18 and F20. In combination, the label practices were 


predicted to provide a 53 percent reduction in diazinon loadings to the water and 


a 52 percent reduction in the upper 10
th


 centile annual maximum concentration.  
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Elimination of diazinon transport to aquatic systems was not predicted to 


occur with the recent label changes. However, the management practices 


specified on the label predicted considerable reductions in diazinon loadings and 


concentrations in the Main Drainage Canal. Similar reductions are likely to 


occur in other areas of the Sacramento River basin that have similar use density 


and climate. 


In summary, the greatest reductions in diazinon loadings and aquatic 


concentrations were predicted to occur with adjacent VFS, inter-row vegetative 


filters, and decreased diazinon use (number applications and percentage of crop 


treated). Lesser impacts were predicted to occur with drift buffers and rainfall 


restrictions, although these practices may reduce impacts in shallow headwater 


ditches during small storm events. 


 


Management Scenario Results 
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Figure 12. Comparison of upper 10


th
 centile concentrations for select 


management practices. Baseline approximates pre-2004 label practices, 


apps=number of applications, x-hr rain=rainfall restriction window, % crop= 


% of crop treated, VFS=width of vegetative filter, IRF=percent coverage of 


inter-row vegetative filter, Drift=setback distance, New label = suite of 


management factors on 2004 label. 


Management options and refinements that had been considered, but could 


not be evaluated, include the following: 


 Vegetative filter ditches. Research in this area was being initiated in the 


Sacramento River watershed (21), but was not available at the time for 


model development, validation, and application. 
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 Sophistication in simulating Vegetative Filter Strips. Results presented here 


reflect reduction factors applied to edge-of-field loadings based on 


empirically derived data. More sophisticated methods can be employed to 


address chemical mass balance within the VFS in a temporal context (e.g., 


ability to address variability in storm magnitude and potential flushing of 


accumulated residues). Several options include the linkage of PRZM 


simulations as a runoff-run on model, and the use of models like VFSMOD 


or REMM (22) that were designed to simulate pesticide attenuation and 


retention processes in VFS. 


 Water holding. Containing runoff water for 72 hours prior to downstream 


release has been recommended in recent stewardship programs (23), but 


was not simulated herein. Water holding may be practical in certain areas of 


the Main Drainage Canal because of the high density of rice acreage that 


could conceivably be used for storage. Studies have shown that rice fields 


can effectively reduce diazinon transport to downstream water bodies (24, 


25). Water holding can be represented in various ways in the PRZM-


RIVWQ modeling system and/or through linkages with the Rice Water 


Quality model.  


 Sophistication in simulating drift loads. Greater sophistication can be 


employed in simulating drift as a function of setback distance, wind speed, 


and wind direction. This would require a more detailed spatial 


characterization of the proximity of treated fields to nearby ditches, streams, 


and other potential receiving water bodies along with a stochastic or 


probabilistic representation of wind speed and direction. 


POST-LABEL MONITORING 


 


Monitoring data for diazinon from 1999 through 2010 for the Bay Delta 


Estuary watershed system are presented in Figure 13. The watershed as defined 


herein includes the Sacramento River and San Joaquin River watersheds, as well 


as the drainage area below the confluence of these rivers. The outlet of the 


watershed is located approximately at the base of the Golden Gate Bridge. The 


monitoring data contain a five-year period immediately prior to label changes in 


2004 and a five-year period after label changes (Figure 13). The data used to 


generate Figure 13 were obtained from the California Department of Pesticide 


Regulation (CDPR) and the National Water Information System (NWIS) 


database operated by the USGS (downloaded March 2011). Both data sources 


provide the latitude and longitude coordinates of the water sample collection 


location. With these coordinates, Arc GIS 9.3 was used to narrow down the 
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samples to those collected within the Bay Delta Estuary watershed. The 2004 


monitoring data are not depicted in the figure because it was a transition year for 


label implementation. Overall, a decrease in the percentage of samples with 


detectable amounts of diazinon in the watershed has occurred since the label 


change (46% to 20% of samples).  Diazinon concentration in samples below 


levels of quantification were populated with half of the provided level of 


quantification. A total of 2,352 samples were used to generate the box plots. 


Between the two periods, the median diazinon value decreased from 0.02 μg L
-1


 


to 0.0015 μg L
-1


.  


 


 
 


Figure 13. Statistical summary of monitoring data for diazinon in the Bay 


Delta estuary watershed before and after label changes 


 


There are several factors that may have contributed to the apparent decrease 


in diazinon concentrations. This includes changes in management practices as 


directed by the label and use. As illustrated in Figure 14, diazinon use decreased 


from 90,700 to 34,000 kg in the period 2000-2008 in the Bay Delta Estuary 


watershed system. During this period, non-agricultural uses of diazinon were 


canceled and agricultural uses declined in favor of other insecticides. Figure 14 


was generated using the California Department of Pesticide Regulation’s 


Pesticide Use Reporting (PUR) database, which quantifies the yearly use of all 
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registered pesticides.  Registered uses include agricultural fields, pastureland, 


parks, golf courses, cemeteries, and roadsides rights-of-way 


Watershed-wide improvements have been documented in a number of sub 


watersheds surrounding the Sacramento River, Feather River, Sacramento 


Slough, and Sutter Bypass (26). Approximately 48% of the river miles listed as 


diazinon-impaired in 2002 within the Lower Sacramento Basin have been 


removed from the CWA Section 303(d) Impaired Water Bodies List for 


diazinon impairments 


 


 
Figure 14. Registered Diazinon use in Bay Delta Estuary watershed from 


200 to 2008. 


Conclusions and Recommendations 


In combination, PRZM and RIVWQ simulated temporally and spatially 


varying applications of diazinon and its fate and transport in the watershed. 


Sufficient data existed to characterize important factors in the movement of 


diazinon to non-target areas, including variability in soils, weather, and diazinon 


use. Detailed information was not readily available on diazinon degradation 


under local conditions, channel cross-sectional geometry, and localized drainage 
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and water management. Areas of greatest uncertainty were in precise 


characterization of drainage, representing the impacts of smaller ditches and 


streams, and in predicting drift loads and transport with lateral subsurface flow. 


The predominant source of diazinon loading in the aquatic system was 


predicted to occur from surface runoff. Drift and subsurface transport pathways 


were relatively small by comparison. Subbasins generating the highest diazinon 


loads were in the upper eastern portion of the watershed and characterized as 


having large percentages of soils of Hydrologic Soil Groups C or D (i.e., 


relatively high silt and clay content) and substantial acreage of stone fruit treated 


with diazinon. The lower basin, primarily planted in rice, has negligible use of 


diazinon.  


In general, the periods of highest concentration in surface waters were 


predicted to occur from December through March. In some years, elevated 


concentrations were predicted to extend into May. This coincided with the 


period of highest diazinon use and the wettest period of the year, when runoff 


events are most likely.  


Among the management scenarios evaluated, the greatest reductions in 


diazinon loadings and aquatic exposure concentrations were predicted to occur 


with adjacent VFS, inter-row vegetative filters, and decreases in diazinon use 


(number applications and percentage of crop treated). Less impact was predicted 


with drift buffers and rainfall restrictions, although simulations indicated that 


implementation of these practices may reduce concentrations in shallow 


headwater ditches and during smaller runoff events in the Main, North, Middle, 


and Lateral canals.  


Management practices added to diazinon labels in 2004 for applications to 


dormant orchards in the San Joaquin and Sacramento River basins were 


predicted to provide considerable reductions in diazinon loadings and 


concentrations in the Main Drainage Canal. In combination, the label practices 


were predicted to provide a 53% reduction in diazinon loadings to water and a 


52% reduction in peak concentration. 


Monitoring data collected in the past six years (2004-2010) since label 


changes were implemented showed a reduction in the numbers of samples with 


detectable residues and in the median diazinon concentration. Modeling results 


indicated that reductions were attributable to the implementation of label 


changes, cancellation of non-agricultural uses of diazinon, and an overall 


decrease of use in the area. Nearly half of the river miles listed diazinon-


impaired in 2002 within the Lower Sacramento Basin have been removed from 


the CWA Section 303(d) Impaired Water Bodies List for diazinon impairments. 
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ABSTRACT. This paper introduces the field of mixture toxicity and the challenges in regulating pesticide 
mixtures. Even though pesticides are unique chemical stressors designed to have biological activity that can affect 
a number of nontarget species, they are intentionally placed into the environment in large quantities. Currently, 
methods and terminology for evaluating mixture toxicity are poorly established. The most common approach used 
is the assumption of additive concentration, with the concentrations adjusted for potency to a reference toxicant. 
Using this approach, the joint action of pesticides that have similar chemical structures and modes of toxic action 
can be predicted. However, this approach and other modeling techniques often provide little insight into the 
observed toxicity produced by mixtures of pesticides from different classes. Particularly difficult to model are 
mixtures that involve a secondary toxicant that changes the toxicokinetics of a primary toxicant. This may result 
in increased activation or a change in the persistence of the primary toxicant within the organism and may be 
responsible for a several-fold increase or decrease in toxicity. At present, the ecological effects caused by 
mixtures of pesticides are given little consideration in the regulatory process. However, mixtures are being 
considered in relation to human health in the pesticide registration process, setting a precedent that could be 
followed for ecological protection. Additionally, pesticide mixtures may be regulated through toxicity testing of 
surface water under the Clean Water Act. The limits of our basic knowledge of how mixtures interact are 
compromising both these avenues for regulating mixtures. We face many challenges to adequately protecting the 
environment from mixture toxicity; these challenges include understanding the interactions of toxicants within an 
organism, identifying the mixtures that most commonly occur and cause adverse effects, and developing a 
regulatory structure capable of minimizing environmental impacts. 


INTRODUCTION 


Ecological risk assessments and regulatory standards 
typically apply to the effects of single stressors on 
ecosystem components. However, organisms in the 
environment often experience many stressors 
simultaneously, including those of a physical, 
biological, and chemical nature. There are many 
challenges in dealing with the interactions of multiple 
stressors. For example, how do we compare the 
interactions among a biological stressor such as an 
exotic species, a physical stressor such as 
sedimentation, and a chemical stressor such as a 
pesticide? This workshop was organized to address the 
issues associated with multiple stressors to wildlife 
species. Most of the papers in this session discussed 
issues associated with large-scale stressors such as 
acid rain coupled with habitat fragmentation or global 
climate change. This paper will take a more narrow 
view of environmental stressors by focusing on a 


single group of chemical stressors, namely pesticides.  


The objectives of this paper are to introduce some basic 
terminology used in toxicology, including the mode of 
toxic action and the models generally used in these types 
of mixture assessments; to review the pesticide literature 
on mixture studies; to discuss the status of current 
environmental regulations governing mixture effects; and 
to provide a list of what we consider to be the major 
challenges in working with pesticide mixtures. To 
simplify the review, we have chosen to restrict our 
discussion primarily to aquatic systems.  
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Pesticides are unique chemical stressors in that they 
are designed to have biological activity but are 
intentionally placed into the environment in large 
quantities. In the United States alone, 4.14 x 108 kg of 
conventional pesticides, e.g., herbicides, insecticides, 
fungicides, and nematicides, containing approximately 
1290 registered active ingredients were applied in 
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1999 (Donaldson et al. 2002). In addition, the co-
application of active ingredients is common. For 
example, 89% of the field corn grown in the United 
States in 2002 was treated with herbicides and 24% 
with insecticides. In cotton production, 85–100% of 
acreage was treated with herbicides, 53–100% with 
insecticides, and up to 20% with fungicides. Many 
fruit and vegetable crops receive even higher pesticide 
concentrations, and multiple active ingredients from a 
pesticide group are often used on a single crop. For 
example, in 2002, 59% of lettuce crops received 
herbicide treatment, 89% were treated with 
insecticides, and fungicides were applied to 70% of the 
acreage. Four different herbicides were applied to 
more than 10% of corn acreage, and five different 
insecticides were applied to more than 35% of total 
lettuce acreage (U.S. Department of Agriculture 2003).  


Potential pesticide mixing may also occur when crops 
are intermingled. Even in regions that primarily grow 
row crops, two to four crops in a rotation system are 
common. In regions where fruit and vegetables are the 
primary agricultural products, numerous crops may be 
planted in a watershed, each with a unique mixture of 
pesticides that may potentially contaminate surface 
water and groundwater. In addition to agricultural 
contributions, pesticides may be present in the 
watershed from urban sources such as lawn and garden 
care, domestic pest control, and golf courses.  


Chemical analysis of surface water conducted by the 
U.S. Geological Survey under the National Water 
Quality Assessment Program indicates that pesticide 
mixtures are contaminating surface waters. Streams 
throughout the continental United States were tested 
for 83 pesticides, 77 of which were detected in at least 
one sample (Gilliom et al. 1999). Ninety-five percent 
of surface water samples contained at least one 
pesticide, and several high-usage herbicides were 
frequently detected. For example, atrazine was 
detected in 78% of surface water samples, and 
metolachlor was detected 68% of the time. More than 
50% of all stream samples contained five or more 
pesticides (U.S. Geological Survey 1998). It is 
therefore evident that we must consider mixtures to be 
the most common exposure scenario when evaluating 
the ecological effects of pesticides.  


TOXICOLOGICAL INTERACTIONS OF 
PESTICIDES 


Pesticides can be classified in a variety of ways. In the 


most general sense, they are grouped based on target 
pests, e.g., insecticide vs. herbicide. In a more detailed 
framework, pesticides are grouped into classes of 
compounds that have similar chemical structures and 
modes of toxic action. The term “mode of toxic 
action” is defined in this paper as a series of key 
processes that begins with the interaction of a pesticide 
with a receptor site and proceeds through operational 
and anatomical changes in an organism that result in 
sublethal or lethal effects (EPA 2000a). An example of 
a pesticide class is the organophosphate insecticides 
(OPs) such as malathion, chlorpyrifos, and diazinon. 
OPs contain phosphorus and are derivatives of 
phosphoric and similar acids (Matsumura 1975). These 
compounds inhibit the enzyme acetylcholinesterase 
(AChE), a key enzyme that hydrolyzes the 
neurotransmitter acetylcholine (Carlock et al. 1999). 
Inhibition of AChE results in the accumulation of 
acetylcholine and the overstimulation of cholinergic 
receptors, which in turn overstimulates neurological 
activity in the organism (Gallo and Lawryk 1991). 
Many other insecticide families also exhibit 
neurological activity. Carbamates, e.g., carbaryl and 
aldicarb, are another class of insecticides that inhibit 
AChE, the same enzyme targeted by the OPs (Baron 
1991). Pyrethroids, e.g., permethrin and esfenvalerate, 
are another widely used insecticide class that also 
causes neurological damage, but at a different target 
site (Leahey 1985). These insecticides are potent 
sodium and potassium channel blockers that produce 
subtle changes in the channel's function, causing 
repetitive neuronal discharge (Soderlund et al. 2002). 
Other classes of insecticides such as stomach poisons 
and a number of different insect growth regulators 
have completely different modes of toxic action. The 
designed mode of toxic action between pesticide 
groups, e.g., herbicides and insecticides, is almost 
always different. Often, the toxicity caused by 
insecticides to plants or by herbicides to animals is 
through secondary modes of toxic action that are not 
clearly understood.  


An important concept in examining pesticide mixtures 
is deciphering the language of chemical interactions. 
This can be a daunting task, because many terms are 
used interchangeably in the literature. In this paper, the 
term “additivity” is used when the effect of the 
combination of chemicals can be estimated directly 
from the sum of the concentrations, (concentration 
addition) or the sum of the responses (response 
addition). Sometimes the toxicity measured when 
performing a study does not match the model used to 
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calculate additivity because of chemical-chemical 
interactions; toxicokinetic interactions such as uptake, 
biotransformation, distribution, and elimination; or 
toxicodynamic, e.g., receptor site, interactions. This 
shift is best referred to either as less than additive 
toxicity, e.g., antagonism, or greater than additive 
toxicity, e.g., synergism.  


Knowledge of a chemical's mode of toxic action is 
essential in understanding how mixtures may act 
jointly. For example, if two organophosphate 
insecticides (OPs) are applied together, it is expected 
that they will both inhibit AChE, thus working jointly 
at the same receptor site, and that their effects would 
be additive. To calculate their combined effect, the 
applied concentrations must first be normalized 
(Bailey et al. 1996). This is generally accomplished by 
using the concentration addition method. In this ideal 
case, the pesticides are assumed to behave similarly in 
terms of their primary toxicokinetic and 
toxicodynamic processes.  


One of the most common methods of assessing 
concentration addition is to use toxic units (TU), and 
this approach was chosen for several reasons. First, it 
is a straightforward method that requires little training. 
Second, the only information that is necessary about 
the dose-response relationship is the concentration that 
causes the effect of interest, for example, lethal 
concentration 50 (LC50), which is defined as the 
external media concentration that causes 50% lethality 
in a test population. Other models would require a 
knowledge of the entire dose-response curve, which 
has not been historically reported in the literature.  


As described by Faust et al. (1993), toxic units are 
calculated for a two-component mixture using the 
formula:  


x1/LC(X1) + x2/LC(X2) = TU (1)


In this equation, x1 and x2 are the concentrations of 
mixture components X1 and X2, and LC(X1) and LC(X2) 
are the effect concentrations of the individual 
compounds that produce the same effect measured in 
the mixture test. This formula has been extended in 
previous studies to include any number of components 
(Berenbaum 1985). Using the TU approach, a shift 
from additivity has been described quantitatively by 
testing multiple levels of the mixture and assigning 
each test concentration a TU value. The TU values are 


regressed against the effect observed using standard 
log-probit procedures. The effect level originally used 
to calculate the TU is entered into the regression, for 
example, 50% if an LC50 was used. The value 
corresponding to this effect is the TU determined for 
the mixture. If this value is equal to 1.0, the joint 
action is additive; if the value is less than 1, the joint 
action is greater than additive; and if the value is 
greater than 1, the joint action is less than additive. 
The TU value calculated by this approach can be 
multiplied against the effective concentration to obtain 
a “corrected” value for the mixture combination. For 
example, if the TU equals 0.5 and the LC50 value for 
compound A is 2.0 µg/L, the corrected LC50 is 
estimated to be 1.0 µg/L. This calculation is useful in 
evaluating the risk of the mixture as compared to the 
variability found in intra- and interspecies toxicity 
testing.  


If compounds exhibit completely different modes of 
toxic action, they may exhibit no interaction at all. For 
example, if a metal or herbicide co-occurs with an 
insecticide, the modes of toxic action may differ. In 
this case, the joint toxicity may occur as independent 
action (response addition). Independent action is 
different from concentration addition in that it does not 
assume similar toxicokinetics or similar modes of 
toxic action or that the concentration-response curves 
have similar shapes. Under independent action, the 
pesticides in the mixture are assumed to behave 
independently of one another, so that the organism's 
response to the first pesticide is the same whether or 
not the second pesticide is present. Independent action 
indicates that the toxicity of the compounds is 
predicted to occur based on simple probability 
statistics. If a concentration of compound A generally 
kills 25% of the organisms and a concentration of 
compound B kills 25% of the organisms, then the two 
concentrations of compounds A and B combined 
would result in their individual effects added together, 
minus that portion of the population in which 
sensitivities overlap. The following equation shows 
this relationship for a binary mixture; the effects are 
entered as proportions:  


Mixture Effect = Effect of Compound A + Effect of 
Compound B - (Effect of Compound A * Effect of 


Compound B) 
(2)


Therefore, in our example, the combination would 
result in less than 50% effect (43.8%). In some 
combinations, the sensitivities to the compound may 
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completely overlap or not overlap at all because of the 
genetic makeup of the population. Although Bliss 
introduced independent action into pharmacological 
literature as early as 1939, few ecological studies have 
investigated the concept (Faust et al. 2003).  


One of the complications in using either of these 
models to estimate toxicity is that few pesticide 
combinations have exactly the same mode of toxic 
action. On the other hand, few combinations act 
completely independently. It has been suggested that 
the joint action of chemicals is a spectrum of 
interactions with these two perfect cases as the 
extremes (Broderius and Kahl 1985). The following 
hypothetical cases of OPs occurring with other 
pesticides are discussed to clarify this point. If two 
OPs are jointly applied, they have very similar modes 
of toxic action. However, although OPs and 
carbamates share the same receptor site, they may 
have very different affinities for the receptor. By the 
same token, although OPs and pyrethroids are both 
neurotoxins that can increase neuronal depolarization, 
they have different enzyme targets. In contrast, OPs 
and herbicides have completely different modes of 
toxic action, yet they may overlap at an organ or 
system level or through a baseline narcotic effect.  


A second complication to using the concentration 
addition (TU) and independent action methods to 
estimate toxicity is that these models account only for 
interactions at the target sites, e.g., toxicodynamics. In 
many cases, a jointly acting chemical can influence the 
toxicokinetics of the other compound. Many pesticide 
formulations take advantage of this property. For 
instance, piperonyl butoxide (PBO) is used as a 
synergist for pyrethroid insecticides (Casida 1970). 
Although PBO itself has little insecticidal activity, it 
inhibits cytochrome P450-dependent mixed-function 
oxidases (P450s). Inhibition of P450s can prevent the 
biotransformation and elimination of pyrethroid 
insecticides, thereby enhancing and/or prolonging the 
toxic response of the targeted host and increasing 
toxicity > 300-fold (Ando et al. 1983). In this case, the 
effect of PBO is referred to as “potentiation,” an effect 
that occurs when a component of the mixture, although 
not toxic by itself, increases the toxicity of one or 
more of the other compounds in the mixture. 
Conversely, PBO decreases the toxicity of many OP 
insecticides that require oxidative transformation to 
become toxic. For OPs that require bioactivation, PBO 
actually decreases toxicity (Bailey et al. 1997). 
Pharmacologically, the effects of PBO may not be 


entirely via P450, but may alter the action of other 
enzymes or even the penetration of the active 
compound into the organism.  


We have attempted to provide a brief overview of the 
basic terminology and concepts necessary to discuss 
pesticide toxicology and the interactions of chemical 
mixtures. As previously noted, two main methods are 
used to interpret chemical interactions: concentration 
addition, e.g., TU, and independent action, e.g., 
response addition. These models both have advantages 
and disadvantages associated with their use and 
application (George et al. 2003). However, an 
underlying problem with the application of these 
models is a general lack of understanding of the mode 
of toxic action of chemical interactions. As a result, 
our ability to predict and understand observed toxicity 
from chemical mixtures, especially across compound 
classes, is greatly impaired. As our understanding of 
these complex interactions increases, so will our 
ability to select and apply the appropriate method for 
study design and data interpretation.  


TOXICITY OF PESTICIDE MIXTURES 


Toxicity studies involving pesticide mixtures have 
resulted in a full spectrum of responses in which the 
complexity of the interactions depends on differences in 
the chemical properties and modes of toxic action of the 
pesticides. Studies that examine the effects of pesticides 
from the same class are usually the easiest to interpret, 
because the observed effects are often additive in nature. 
For example, Bailey et al. (2000) observed that the 
organophosphate insecticides (OPs) chlorpyrifos and 
diazinon were strictly additive in their toxicity toward the 
cladoceran Ceriodaphnia dubia in toxicity studies 
performed in natural, storm-, and laboratory waters 
(Bailey et al. 1996,1997). Additive effects were also 
noted in the aquatic midge (Chironomus tentans) when it 
was exposed to binary mixtures of several OPs, including 
chlorpyrifos, azinphos methyl, methidathion, and 
diazinon (Lydy and Austin 2004). Faust et al. (1993) 
found concentration additivity for binary mixtures of the 
s-triazine herbicides atrazine and cyanazine in 
reproductive tests with the green alga Chlorella fusca. 
The mode of toxic action for these herbicides is to 
interrupt the electron transport chain in photosytem II. 
Finally, the additivity of acetylcholinesterase (AChE) 
inhibitors has been shown with C. dubia dosed with the 
carbamate insecticide carbofuran and the OPs methyl 
parathion and malathion (Norberg-King et al. 1991).  
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Understanding toxicity across chemical classes with 
slightly different modes of toxic action is more 
challenging. However, we still have some 
understanding of what processes cause the observed 
toxic responses. For example, Pape-Lindstrom and 
Lydy (1997) found an additive toxic response in 
midges exposed to two neurotoxicants, the 
organochlorine insecticide methoxychlor and the OP 
methyl parathion. Faust et al. (1994) found that 
herbicides with different modes of toxic action were 
generally additive in nature in binary combinations in 
algae. Twenty-four of the combinations were additive; 
two combinations exhibited greater than additive 
toxicity, i.e., observed EC50 (the molar concentration 
that produces 50% of the maximum possible response) 
values were 25–30% lower than expected; and two 
combinations exhibited less than additive toxicity, i.e., 
observed EC50 values were 138–200% of the expected 
value.  


The effects of simultaneous pyrethroid insecticide and 
OP exposure have also been studied by a number of 
researchers (Tripathi and Agarwal 1998, Moreby et al. 
2001, Denton et al. 2003). Given that P450-activated 
OPs will inhibit esterases, thus decreasing an 
organism's ability to detoxify pyrethroids, greater than 
additive toxicity is often observed. Denton et al. 
(2003) demonstrated that exposure to esfenvalerate 
and diazinon resulted in greater than additive toxicity 
in fathead minnows. Similar toxic effects have been 
observed in exposures to pyrethroids and carbamates. 
Permethrin and the carbamate propoxur elicited 
greater than additive toxicity in the mosquito Culex 
quinquefasciatus (Corbel et al. 2003). These greater 
than additive effects were attributed to the 
complementary modes of toxic action of these two 
insecticide classes, which act on different components 
of nerve impulse transmission.  


Our predictive ability begins to break down when we 
examine the toxic effects of chemicals from different 
classes with completely different modes of toxic 
action, e.g., insecticides with herbicides, or pesticides 
with other stressors. Research on the impacts of these 
mixtures on organisms has yielded mixed results. For 
example, no toxic interaction was noted when C. 
tentans were exposed to a binary mixture of the 
triazine herbicide atrazine and the carbamate 
insecticide carbofuran (Douglas et al. 1993). The joint 
toxicity of the OP diazinon and ammonia was 
examined in C. dubia using 48 h acute toxicity tests 
with dosed water and effluents containing both 


stressors (Bailey et al. 2001). The results indicated a 
less than additive response for the binary mixture in 
both laboratory-dosed and effluent samples. In a 
separate study using C. dubia, Banks et al. (2003) 
found less than additive responses for binary mixtures 
of diazinon and copper. In other studies, greater than 
additive responses have been noted. For example, 
several researchers have found that triazine herbicides 
can potentiate the effects of some OPs (Pape-
Lindstrom and Lydy 1997, Belden and Lydy 2000, 
Anderson and Lydy 2002, Lydy and Linck 2004). The 
greater than additive responses noted in these studies 
actually represent a potentiation effect, because the 
herbicides were not acutely toxic to the study 
organisms. The magnitude of this potentiation depends 
greatly on the concentration and type of triazine 
herbicide and OP tested. In the terrestrial system, 
atrazine increased the toxicity of chlorpyrifos to the 
earthworm Eisenia fetida by a factor of seven (Lydy 
and Linck 2004), whereas, in aquatic systems, 200 
µg/L of atrazine increased the toxicity of chlorpyrifos 
up to a factor of four (Belden and Lydy 2000).  


Environmental studies rarely investigate the 
toxicokinetic and toxicodynamic processes involved in 
the joint toxicity of pesticides. An exception is the 
effort to better understand the mechanism by which 
triazine herbicides potentiate OP toxicity. Pape-
Lindstrom and Lydy (1997) suggested that atrazine 
increased the biotransformation of OPs by converting 
them into more toxic O-analog metabolites. 
Organophosphorothioate insecticides require oxidative 
activation by cytochrome P450 enzymes to their 
corresponding oxon analogs, which are much more 
potent AChE inhibitors than the parent compound. 
These authors further suggested that atrazine might be 
accomplishing this metabolic activation by inducing 
the cytochrome P450 enzymes responsible for the 
conversion. Previous studies have supported this 
hypothesis by demonstrating that biotransformation 
enzyme complexes can be induced by atrazine 
exposure in a variety of invertebrate and vertebrate 
species (Egaas et al. 1993). Miota et al. (2000) further 
validated this hypothesis when they showed the 
induction of a 45 kDa protein in atrazine-treated 
midges, and Belden and Lydy (2000) did the same by 
demonstrating that atrazine-treated midges transform a 
greater amount of chlorpyrifos to the oxon form than 
do unexposed midges. The intensity of this atrazine-
induced protein was representative of the proteins 
associated with the heme-thiolate membrane within 
the 45 kDa molecular-weight enzyme system. This 
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enzyme system plays a key role in the metabolism of a 
wide variety of endogenous and exogenous substances 
in insects (Miota et al. 2000). It is clear from these 
studies that toxicokinetic processes such as 
biotransformation are important in determining the 
toxicity of some pesticide mixtures.  


When large numbers of chemicals are included in the 
mixture experiments, an additive response is typically 
found (Broderius and Kahl 1985, Altenburger et al. 
2000). For example, Broderius and Kahl (1985) found 
additivity using the concentration-addition model 
when they examined the acute toxicity of large 
mixtures of organic chemicals in fathead minnows 
(Pimephales promelas). Currently, regulatory agencies 
support the concentration addition model when 
assessing the joint acute toxicity of large numbers of 
chemical mixtures on aquatic biota because additivity 
is assumed, which simplifies the calculations.  


This review has so far focused on the effects of 
chemical stressors in combination with other chemical 
stressors. However, aquatic ecosystems exhibit a 
myriad of physical and biological variables that would 
need to be included along with the chemical stressors 
to more accurately model real environmental exposure 
scenarios. For example, using a bacterial 
bioluminescence inhibition assay, Benson and Long 
(1991) showed that humic acids significantly reduced 
the toxicity of some AChE inhibitors, e.g., azinophos-
methyl, chlorpyrifos, and carbofuran, while enhancing 
the toxicity of others such as methyl parathion and 
carbaryl (Benson and Long 1991). Temperature has 
been demonstrated to have an inverse effect on 
pyrethroid toxicity, which increases at lower 
temperatures (Mahboob et al. 1999, Motomura and 
Narahashi 2000). Conversely, Lydy et al. (1990) 
reported increases as high as 100-fold in the toxicity of 
the OP parathion at higher temperatures. Herbranson 
et al. (2003a,b) examined the effects of suspended 
solids on carbofuran toxicity to Daphnia magna and 
found no measurable toxicity associated with exposure 
to suspended solids at a wide range of concentrations. 
However, when exposed to a constant concentration of 
carbofuran, the number of affected organisms 
increased with increasing concentration of suspended 
solids. The authors speculated that the suspended 
solids were either decreasing the caloric intake of the 
D. magna because of a dilution effect or that ingestion 
of the solids was causing the D. magna to sink, which 
forced them to expend significantly more energy to 
maintain proper buoyancy. In turn, this increased 


energy expenditure made the D. magna more 
susceptible to the carbofuran toxicity.  


Many toxicity studies are performed with an excess 
food source, which can significantly affect the 
experimental outcome. It is possible that low food 
density may result in increased toxicity. Barry et al. 
(1995) showed that esfenvalerate toxicity to D. 
carinata increased significantly with decreasing food 
concentration. The converse is also possible in that 
increased food density can result in decreased toxicity. 
For example, Herbrandson et al. (2003a,b) showed 
that increased food availability significantly reduced 
carbofuran toxicity to D. magna. However, the 
mechanism behind these observations is difficult to 
interpret, because the observed effects could be the 
result of changes in either organism fitness or toxicant 
concentration caused by sorption to the food source. 
Taken together, these results show that the 
experimental effects of changing food concentrations 
cannot be easily predicted even though they can 
significantly affect toxicity. Consequently, attempts to 
perform toxicity studies that model realistic 
environmental exposure scenarios should account for 
variables such as temperature, food availability, etc.  


The inclusion of multiple variables can make data 
interpretation difficult. Although the joint action of 
pesticides is often additive, there are many reports of 
less and greater than additive toxicity. When 
interpreting data involving this joint action, it is 
important to understand that the magnitude of the 
deviation from additivity is also important. For 
instance, in some studies, pesticide interactions were 
reported when changes in toxicity of less than 30% 
occurred. This deviation may be real, but it is not 
significant if this much variation is likely to exist 
between different cultures of the same organism 
(intratest variability). However, when toxicity changes 
by larger factors, the assumption of additivity could 
lead to poor estimates of environmental impact. 
Because of the complex interaction of pesticides 
within an organism, nearly every combination would 
deviate from additivity to some degree if enough 
statistical power were used. Currently, no consensus 
has been reached regarding the magnitude of deviation 
from additive that is important.  


It is not realistic to physically test every combination 
of pesticides found in the environment. For example, 
with a simple mixture of only 20 pesticides, there are 
190 pairs and more than a million possible 
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combinations involving pairs, triples, etc. 
Consequently, there is a need for simple models that 
can easily predict the toxicity of complex mixtures. As 
previously discussed, several mixture models that take 
concentration addition and independent action into 
account are available to accomplish this task. 
However, these models are based on statistical 
concepts of interaction. Other models have been based 
on the physical and chemical properties of the 
pesticides, such as the octanol/water partition 
coefficient, and derive toxicological end points, e.g., 
impaired reproduction or death, through a quantitative 
structure activity relationship (QSAR) approach 
(Hansch et al. 1995, Comber et al. 2003). The use of 
QSARs can significantly reduce the amounts of time 
and resources spent on toxicity studies. However, an 
important limitation in many of the QSAR models 
generated to date is that they were developed using 
homogeneous mixtures (Escher and Hermens 2002). It 
is unrealistic to expect QSAR models to be able to 
predict the toxicity of chemical mixtures across 
multiple classes. Their usefulness is limited to 
examining relationships among compounds with a 
high degree of structural similarity and/or similar 
mechanisms of action. Future QSAR studies on 
chemical mixtures should address the effects of 
realistic exposure scenarios and multiple species upon 
toxicity. There are numerous articles in the literature 
that examine the use of QSARs to predict toxicity, but 
it is beyond the scope of this paper to review them all 
(Blum and Speece 1990, Nendza and Russom 1991, 
Nendza et al. 1995, Yang et al. 1998, Gramatica et al. 
2001, Altenburger et al. 2003, Bradbury et al. 2003, 
Vighi et al. 2003).  


REGISTRATION PROCESS UNDER FIFRA  


Prior to reaching most world markets, pesticides must 
be legally registered to ensure that they are safe. In the 
United States, the U.S. Environmental Protection 
Agency, hereafter referred to as the EPA, registers 
pesticides under the Federal Insecticide, Fungicide 
and Rodenticide Act (FIFRA) and the Federal Food, 
Drug and Cosmetic Act. The registration process 
includes product efficacy assessments, assessments of 
risks to human health, and, more relevant to this paper, 
ecological risk assessments (EPA 1997). During the 
process of conducting ecological risk assessments 
(ERAs), the expected environmental concentration of a 
single pesticide is compared to a broad spectrum of 
toxicological end points for several organisms. 
Currently, the EPA does not formally assess pesticide 


mixtures or any form of multiple stressors within 
ERAs.  


Evaluating the effects of pesticide mixtures in ERAs 
will prove to be challenging. First, as previously 
discussed, we have a limited understanding of the joint 
action of pesticides even within a single species. 
Understanding the joint action of pesticides that may 
occur for the diversity of organisms protected by an 
ERA, which may involve entire ecosystems, is an 
immense task. Second, before evaluating the joint 
action of pesticide mixtures, it will be necessary to 
define which chemicals are present, the concentrations 
at which they are detected, and the types of temporal 
trends expected in their occurrence. With regard to the 
regulation of pesticides, two situations occur: initial 
registration, i.e., the evaluation of new pesticides, and 
the re-registration of pesticides registered prior to 
November 1984 (EPA 2000a).  


When new pesticides enter the market, usage patterns 
and environmental occurrence may only be projected. 
Actual testing of all pesticide combinations would be a 
daunting if not impossible task that is not 
economically feasible. However, the landscapes where 
the pesticide is expected to be applied may help to 
determine the potential mixtures that may occur. These 
landscapes would best be evaluated at a regional scale 
using spatial and temporal occurrences to estimate the 
probabilities of co-occurrence. Testing of likely 
mixtures may then be conducted prior to initial 
registration. In some landscapes, this may be a 
manageable task. For instance, a new pesticide applied 
to corn may have a limited number of co-occurring 
pesticides in a landscape with primarily corn/soybean 
rotation. However, the same pesticide applied to 
vegetables in the San Joaquin Valley in California 
could involve many more co-occurring pesticides 
(Gronberg et al. 1998). This approach may be the most 
feasible way to assign priorities to pesticide mixtures.  


The re-registration process also considers the effects of 
pesticides on human health and the environment. For 
most compounds in the re-registration process, 
including atrazine and many organophosphate 
insecticides (OPs), a large amount of research has been 
conducted on their environmental fate and effects. 
Because of the availability of larger databases on these 
pesticides, re-registration may provide an opportunity 
to assess the toxicity resulting from potential chemical 
interactions. In other words, for an existing pesticide 
undergoing re-registration, occurrence data from 


 
 



http://www.ecologyandsociety.org/vol9/iss6/art1





Ecology and Society 9(6): 1. 
http://www.ecologyandsociety.org/vol9/iss6/art1 


 


monitoring programs such as the National Water 
Quality Assessment Program and from environmental 
fate studies available to the EPA could be used to 
characterize the mixtures associated with the regional 
or crop-based landscapes for that pesticide. 
Subsequently, mixture studies could be conducted and 
used in the re-registration process. Re-registration may 
provide an opportunity to update pesticide test 
procedures to include some relevant mixture toxicity 
testing. Because the re-registration process has several 
possible outcomes, e.g., the EPA can order reduced 
application rates, mandatory best management 
practices, or changes in the pesticide formulation, 
pesticide registration could then be adjusted to take 
into account the potential impacts of pertinent 
mixtures.  


To date, few pesticide registrations have included the 
potential effects of pesticide mixtures. In the 
conditional registration of acetochlor, a 
chloroacetanilide herbicide, the EPA required an 
overall reduction in herbicide usage on corn for the 
product's registration to continue (see 
http://www.epa.gov/oppefed1/aceto/index.htm). 
Although this technique helps prevent the addition of 
extra pesticide loads into the environment, it does not 
directly link the registration of a compound to mixture 
toxicity.  


Additionally, the EPA has set a precedent in 
evaluating pesticide mixtures in terms of human health 
assessments. In response to the 1996 Food Quality 
Protection Act (EPA 2003), the EPA is conducting 
cumulative risk assessments of several groups of 
pesticides. Each group has been defined based on 
specific “common mechanisms of toxicity.” The EPA 
uses the concept of a “risk cup” to determine the 
acceptable amount of risk associated with the use of a 
class of pesticides. The determined risk for a 
compound such as an OP is determined and “placed” 
into the risk cup. Each accepted registration of a 
compound with a similar mechanism of action, e.g., 
additional OPs, is then added to the cup. Once the cup 
is full, no new registrations are allowed. Currently 
identified groups for which the risk cup is being used 
include OPs, selected triazine herbicides including 
atrazine and related metabolites and herbicides, N-
methyl-carbamates, thio- and dithiocarbamates, and 
chloroacetanilide herbicides including metolachlor, 
alachlor, and related compounds. In the current 
approach, each compound is assigned a hazard index 
that is a measure of the relative potency factor of each 


OP. This technique is similar to the toxic unit (TU) 
approach previously discussed, and additive results are 
assumed. In addition, safety factors are imposed based 
on the number of pesticides involved and the potential 
sensitivity of children. Although this process provides 
a first step in evaluating exposure to pesticide 
mixtures, only tightly defined groups are considered to 
have joint action, e.g., only OPs. This approach might 
not be very effective in coping with more complex 
mixtures in the environment, because joint exposures 
to pesticides often have less than or greater than 
additive effects, regardless of the mode of toxic action.  


Ultimately, each of these regulation methods suffers 
because our poor understanding of the mechanisms of 
chemical mixtures results in poor predictive ability. 
More research devoted to the mode of toxic action of 
individual compounds as well as chemical mixtures 
and their effects on nontarget organisms is needed to 
develop better techniques for predicting the joint 
action of pesticides. Until we have improved 
techniques that enable us to evaluate the joint action of 
pesticides prior to usage, our only ecological 
protection from mixtures depends on testing surface 
water for toxicity.  


REGULATORY AND RESEARCH ACTIONS  
FOR ADDRESSING PESTICIDE MIXTURES 


The federal Clean Water Act (CWA) was enacted with 
the objectives of “restoring the chemical, physical and 
biological integrity of the Nation's waters.” The CWA 
prohibits the discharge of pollutants in toxic amounts. 
Although the CWA initially resulted in the regulation 
of point-source discharges, the act has recently 
become important for nonpoint-source contamination 
as well. Based on the stated goals of the CWA, the 
U.S. Environmental Protection Agency (EPA) and 
individual states take three approaches to protecting 
water quality. These approaches include chemical-
specific limits for the 126 priority pollutants, toxicity 
testing, and biological criteria/bioassessment (EPA 
1991). In addition to introducing each of these 
approaches to the reader, we will examine their 
potential for assessing mixtures. A key distinction 
between the CWA and the Federal Insecticide, 
Fungicide and Rodenticide Act (FIFRA) is that the 
CWA does not consider benefit when examining risk, 
whereas FIFRA makes a risk/benefit-based decision.  


The chemical-specific approach involves the 
development of water quality criteria (WQC) for each 
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chemical and is designed to protect most of the tested 
species most of the time. WQC are developed based 
on the results of both acute and chronic toxicity testing 
with the specified numbers and types of aquatic 
species following standard EPA water quality 
guidelines (Stephan et al. 1985). Although the EPA 
has developed water quality criteria for priority 
pollutants as required under CWA Section 304, only 
nine of the priority pollutants are pesticides, and those 
include mostly organochlorine insecticides of limited 
current use, such as dichlorodiphenyltrichloroethane 
(DDT) and endosulfan. However, these guidelines will 
not protect against mixtures of pesticides with 
unknown interactions or chemicals that do not have 
any chemical-specific criteria. For this reason, it may 
be necessary to add conservative safety factors in areas 
where there are gaps in the data. The EPA is currently 
in the process of updating and revising its 1985 
Guidelines for Deriving Aquatic Life Criteria. It is 
expected that these new and revised guidelines will 
cover several new issues such as nontraditional end 
points, threatened and endangered species, and 
bioaccumulative chemicals. Chemical mixtures are 
one of the issues that the guidelines do not currently 
address, but they may be incorporated in the near 
future. These limitations demonstrate the importance 
of toxicity testing and bioassessment assessments in 
the overall evaluation of aquatic resources.  


Toxicity testing can be used to assess the effects of all 
the chemical stressors in aqueous samples such as 
effluents, receiving waters, or stormwater runoff. This 
allows the effect of a mixture to be evaluated, rather 
than the toxic responses of individual chemicals. 
Toxicity tests can be used to assess ambient water 
bodies such as receiving water, making them an 
effective tool in the assessment of small and large 
watersheds (de Vlaming et al. 2000). For example, the 
State of California has successfully used an ambient 
toxicity testing approach to identify and regulate 
frequently occurring toxic chemicals. The approach 
includes pinpointing integral sampling locations and 
collecting ambient waters to be assessed using both 
acute and chronic toxicity tests (Foe and Sheipline 
1993, Foe 1995, Kuivila and Foe 1995, de Vlaming et 
al. 2000). If toxicity is detected at a site, additional 
samples are collected to determine the spatial and 
temporal toxicity patterns. The EPA's Toxicity 
Identification Evaluation (TIE) protocols are then used 
to identify the causative toxicant or toxicants 
(Nordberg-King et al. 1992, EPA 1993a,b). The goal 
of a TIE is to identify the chemical(s) causing toxicity 


in an aqueous sample. This approach has led to the 
listing of chemicals in addition to the 126 priority 
pollutants commonly tested; one such addition is the 
pesticide diazinon, which is not a priority pollutant 
(State Water Resources Control Board 2000). 
Therefore, the approach of toxicity testing in 
conjunction with TIE analysis may be used to check 
for chemicals that are greater than additive in nature.  


The primary advantage of the bioassessment approach 
is that it integrates effects from both physical and 
biological stressors on aquatic biota. Biological 
assessments are based upon the premise that the 
structure and function of an aquatic biological 
community can provide critical information about the 
quality of the surface water. The bodies of water being 
evaluated are assessed and compared to predetermined 
criteria for impairment and nonattainment of a 
designated use. The use of the stressor identification 
process is a method for identifying biological and 
physical stressors of the impaired body of water (EPA 
2000b).  


If a body of water is impaired as measured by any of 
these three approaches, e.g., the WQC are not attained, 
the CWA requires that the impaired bodies of water be 
listed on the State's 303(d) list and that a total 
maximum daily load (TMDL) be developed to address 
the pollutant(s) causing the impairment. The TMDL is 
a written, quantitative assessment of water quality 
problems and pollution sources. For waters that do not 
meet state water quality standards, it specifies the total 
concentration by which each pollutant must be reduced 
to meet the standard for that body of water. This 
provides the basis for the actions to be taken to restore 
the water to its designated use. The TMDL may 
require additional actions such as a discussion of 
alternative pesticides and/or the development of best 
management practices (BMPs) that may involve buffer 
strips, constructed wetlands, vegetated drainage 
ditches, etc., to minimize off-site movement of 
pesticides. BMPs such as drainage ditches are 
important for reducing not only the targeted pesticide 
for the TMDL development but other stressors of 
aquatic organisms as well, such as nutrients, 
sediments, and other pesticides (Moore et al. 2001, 
Cooper et al. 2002). The consideration of chemical 
mixtures is important, because regulatory TMDLs are 
typically developed for a single chemical in a body of 
water, although it is likely that a mixture of chemicals 
exists. Potential effects of chemical mixtures in bodies 
of water could be considered during the numeric target 
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selection, margin of safety components of the TMDL 
development, and/or the implementation phase.  


CONCLUSIONS 


In this paper, we have attempted to summarize some 
of the issues related to the toxicity of pesticide 
mixtures. In general, mixture studies are difficult to 
perform and are further complicated by the fact that 
the observed interactions are often not predictable 
given our current knowledge of the toxicokinetic and 
toxicodynamic processes involved. The combined 
effects of pesticides within the same class can be 
predicted fairly well based on our understanding of the 
mechanism of toxic action of these pesticides. 
However, the effects of across-class mixtures of 
pesticides, such as the triazine herbicides and 
organophosphate insecticides, are more difficult to 
predict and understand. The issues involved in 
examining the effects of chemical mixtures are going 
to continue to increase in complexity as additional 
chemicals are introduced. New generations of 
pesticides such as spinosyns (Sparks et al. 2001) and 
genetically modified organisms are being developed 
that will further complicate the issue of chemical 
mixtures.  


We have also attempted to highlight some of the 
regulatory issues associated with pesticide mixtures. 
Current regulations do not adequately allow for greater 
than additive toxicity, and even the risk cup approach 
of the Food Quality Protection Act, which was 
designed to address mixtures of pesticides with a 
similar mechanism of action, fails to address chemical 
synergism and the effects of mixtures of pesticides 
from multiple classes. It will most likely fall upon 
researchers to determine the limitations of current 
toxicity testing paradigms before regulatory agencies 
are able to act.  


It never will be practical to perform toxicity studies on 
every combination of pesticides under all exposure 
scenarios. Therefore, it is important that studies be 
designed for maximum data extraction. This might be 
achieved through the use of quantitative structure 
activity relationships (QSARs) that relate chemical 
properties to toxicity and allow extrapolation to 
untested chemicals. However, the current level of 
QSAR models indicates that this approach is not 
suitable for estimations across chemical classes or for 
chemicals of dissimilar chemical structure. Further 
developments will most likely be needed in QSAR 


methods before these models for predicting the 
toxicity of chemical mixtures become widely 
applicable. In addition, full concentration-response 
relationships should be reported, even in single-
compound toxicity tests. As mixture models improve, 
more precise data throughout the toxicity range could 
be required. Finally, more research on pesticide mode 
of toxic action and secondary physiological effects 
caused by pesticides would provide a platform for 
understanding the physiology of mixture effects, lead 
to better predictive models, and allow for rational 
experimental design. The recent increase in the 
number of papers addressing this issue shows that the 
scientific community is aware of the problem, and we 
expect to see an even greater number of studies in the 
future addressing issues raised in this paper. It is 
expected that future studies will continue to highlight 
the importance of examining the toxicity of chemical 
mixtures in addition to single compounds. We believe 
that these types of studies are critical for realistic 
estimations of toxicity, because rarely are organisms 
exposed to only a single chemical in the field.  


WHAT ARE THE MAJOR CHALLENGES 
IN REGULATING PESTICIDE MIXTURES? 


We conclude with a list of what we consider to be the 
major challenges in working with pesticide mixtures. 
This does not represent a comprehensive list of 
challenges, but will hopefully stimulate additional 
dialogue among scientists.  


1. If two compounds have an interaction, which 
chemical is to blame? For instance, in the 
triazine work, atrazine increases the toxicity of 
chlorpyrifos. Should this be considered in 
registration decisions for both compounds?  


2. Is the assumption of additivity protective for 
most bodies of water, most of the time? What 
degree of deviation from additivity is 
important?  


3. Guidelines in human health assessments 
recommend combining similarly acting 
compounds into a single risk cup. What are the 
criteria for “similar” modes of toxic action?  


4. Pharmacologically, we have reason to believe 
that similarly acting compounds would be best 
modeled using concentration addition 
techniques and that dissimilarly acting 
compounds would be best modeled using 
independent action techniques. However, 
because the true toxicological mode of toxic 
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Acknowledgments: action is rarely known for a given mixture or 
even for most of its components, we are often 
uncertain which model to use. What steps are 
necessary to choose the correct model? Are 
either of these models appropriate, or do we 
need a new model that encompasses both 
techniques?  


5. The order of exposure to each pesticide can 
affect the toxic response, e.g., 
organophosphate pesticides and triazine 
herbicide mixtures. We must not only 
recognize that a mixture has occurred, but we 
must also understand the dynamics of the 
chemicals in the system and how temporal 
variations influence the toxicity of mixtures.  
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Pesticide contamination of surface waters has been a global
concern for decades. In agricultural areas, pesticides
enter receiving waters through irrigation and storm runoff,
spray drift, or even atmospheric deposition. Management
practices incorporating vegetation and phytoremediation have
demonstrated success in reducing pesticide loads to rivers,
lakes, and streams. This chapter will focus on a variety of
vegetative management practices (e.g. constructed wetlands,
drainage ditches, and rice fields) which have been studied in
the intensively cultivated Mississippi Delta. Summaries of
research results will be presented, as well as potential future
directions for additional research.


Introduction


The current world population is estimated at over 6.89 billion people, growing
at a rate of nearly three people each second (1). Agriculture is under increasing
stress to produce more food and fiber to meet growing population needs, while
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also reducing its potential impacts upon the environment. Farmers continue to
use pesticides on their crops in order to maximize yield on the landscape. In 2001,
approximately 547million kg of pesticide active ingredient were used in theUnited
States, while worldwide pesticide use was estimated at 2.3 billion kg (2).


Even with advances in application technology, a portion of the applied
pesticide, through spray drift, will end up in an unintended area such as an
adjacent aquatic ecosystem. Additionally, during storm events, pesticides may
be mobilized either in the dissolved or particulate phase (with sediments) via
runoff. As a result, potential damage to downstream receiving systems may
occur. Nationwide, only about 3% (1,865) of the Clean Water Act 303(d) listed
impairments are due to pesticides. Individual states’ monitoring programs
vary greatly, so it is possible that some states fail to monitor for pesticides at a
resolution high enough to determine their presence. In states such as California,
pesticides are the most prevalent contaminant reported, responsible for nearly
18% of the state’s 303(d) impairments (3).


To prevent pesticides entering the receiving water environment at
concentrations of concern, various management practices, both in-field and
edge-of-field, have been suggested. Popular practices include, but are not
limited to, winter cover crops, stiff-grass hedges, constructed wetlands,
conservation tillage, slotted-inlet pipes, and grassed waterways. Given today’s
difficult agricultural economy, many farmers are hesitant to implement any
management practice that (1) removes valuable land from production or (2) is not
economically-beneficial (i.e. cost-sharing opportunities). With those two factors
in mind, various management practices using phytoremediation techniques have
been examined in the intensively agricultural area of the lower Mississippi
Alluvial Plain. Vegetation is an important element within these practices, since
plants aid in physical filtration, bed sediment stabilization, and provide increased
or enhanced surface area for microbial attachment (4). This chapter will examine
research on both traditional (constructed wetlands) and innovative (ditches and
rice fields) management practices used to achieve pesticide mitigation. Just as
water quality in agricultural settings is becoming a challenge, scientists, farmers,
and conservationists must be willing to think “outside the box” to develop both
successful preventative and mitigation strategies.


Constructed Wetland Studies


Wetlands are ecotones (transition zones) between upland areas and aquatic
systems such as rivers, lakes, or streams (5). Estimates of wetlands in the
conterminous United States from the early 1600s suggest over 89 million ha
existed; however, within nearly four centuries, over half of those wetlands, some
48 million ha, had been lost due to development or agriculture (6). This severe
loss of wetland habitat is at least partially responsible for a decline in water
quality throughout the nation. Since the latter part of the 20th century, efforts
have been made to construct wetlands in areas that once housed natural wetland
systems. Reintroduction of these systems, especially in agricultural areas, serves
to improve water quality following storm runoff or irrigation controlled-releases.
Although some studies on the ability of wetlands to remove pesticides were
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conducted in the 1970s and 1980s, Rodgers and Dunn (7) were the first to
suggest a method for developing design guides for constructed wetlands targeted
specifically at pesticide removal. Their series of eight experimental wetland cells
were constructed at the University of Mississippi’s Field Station in the late 1980s
and early 1990s. Out of this experimental design came three primary studies
which were some of the first to suggest necessary wetland lengths for various
levels of pesticide mitigation.


In the first experiment, constructed wetland cells (59-73 x 14 x 0.3 m) were
amended with the organophosphate insecticide chlorpyrifos at three different
concentrations: 73, 147, and 733 µg/L. These concentrations represented
theoretical chemical runoff of 0.1, 1, and 5% of applied pesticides on a 32-ha
field. For 12 weeks, water, sediment, and plant samples were collected spatially
throughout the length of the constructed wetlands. Plants, consisting of the
emergent soft rush Juncus effusus, accounted for approximately 25% of the
measured chlorpryifos mass, while 55% of the mass was located in sediments. The
wetland buffer length necessary to reduce the aqueous chlorpyrifos concentrations
to 0.02 µg/L (no observed effects concentration or NOEC) ranged from 184 m to
230 m, depending on the initial concentration (8).


A second experiment was later conducted by amending wetland cells with
a mixture of the herbicides atrazine and metolachlor at concentrations of 73 and
147 µg/L, representing a 0.1 and 1% theoretical chemical runoff (9, 10). Water,
sediment, and plant (J. effusus) samples were collected spatially and temporally for
35 d. Results indicated atrazine concentrations were below detection (0.05 µg/kg)
in all sediment and plant samples, while only 10% of the measured metolachlor
mass was present in plant samples. As with atrazine, metolachlor concentrations
in sediment were below detection limits (0.05 µg/kg). According to Huber (11),
20 µg/L is the suggested atrazine concentration below which is not expected to
adversely affect aquatic ecosystem health. Conservative wetland buffer lengths
necessary to reduce the atrazine aqueous concentration to 20 µg/L ranged from
100 m to 280 m, depending on the initial atrazine concentration. For metolachlor,
to reduce the aqueous concentration to 40 µg/L, necessary wetland buffer lengths
ranged from 100 m to 400 m, depending on the initial concentration (9, 10).


These first generation studies laid the foundation for later investigations
which focused constructed wetland research on the influence of plants in pesticide
mitigation. In 2003, 10 m x 50 m constructed wetlands were used to evaluate the
fate of methyl parathion (12) in vegetated and non-vegetated systems. A storm
event simulating 1% pesticide runoff from a 20-ha contributing area was used
as an amendment. As with earlier studies, water, sediment, and plant samples
were collected spatially and temporally for 120 d. Additionally, semi-permeable
membrane devices (SPMDs) were placed near the outflow of each wetland cell.
Only 30 min after the initial exposure, methyl parathion was detected in all
spatially collected samples within the non-vegetated wetland replicates. In the
same time frame, methyl parathion had only travelled 20 m in the vegetated cell.
After examining SPMD results, it was noted that only the non-vegetated replicate
cells had measurable concentrations of methyl parathion in the outflow. Utilizing
chemical fate and distribution formulas, it was determined that a wetland length
of 18.8 m would be required to reduce the inflow concentration (8.01 mg/L) to
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0.1% of its original in vegetated systems. Alternatively, in non-vegetated systems,
a wetland length of 62.9 m would be required to reduce the inflow concentration
to 0.1% of the original. These data provided further evidence of the benefits of
vegetation in mitigation of pesticides.


Following the success of these studies, a constructed wetland was designed
and placed in the Beasley Lake watershed, a 915-ha agricultural experimental
watershed in Sunflower County, Mississippi (13, 14). The entire system was 30
m wide x 180 m long and included a sediment retention basin followed by two
separate vegetated treatment cells. Ten collection sites were established spatially
along the system. A simulated storm event containing the pesticides diazinon
and cyfluthrin, as well as suspended sediment (403 mg/L) and surface water
from Beasley Lake, was amended into the constructed wetland system. Water,
sediment, and plant samples were collected over 55 d at each site. The percentage
of individual measured pesticide mass found in vegetation was 43% (diazinon),
49% (lambda-cyhalothrin), and 76% (cyfluthrin) (15, 16). Based on conservative
effects concentrations and regression analyses, to mitigate 1% of the pyrethroid
(lambda-cyhalothrin and cyfluthrin) runoff from a 14-ha contributing area would
require a constructed wetland 30 m wide x 215 m long (16).


While the environmental benefits of using constructed wetlands to mitigate
pesticide runoff have been demonstrated, there was still the challenge of
implementation due to the costs. Aside from any construction cost of the wetland
(which may be cost-shared with government programs in certain instances), there
was a loss of production land associated with the construction. Based on data
generated from Moore et al. (16), approximately 5% of the contributing area
would be needed for a constructed wetland to effectively mitigate pesticide runoff
from that land. Using that information, a cost table (Table 1) was generated from
data collected from the 2009 Mississippi state agricultural overview (17).


Table 1. General agricultural economic impact of using a constructed
wetland for pesticide mitigation for field sizes of 8 ha, 16 ha, and 32 haa


Annual Gross Profit Loss (5%)


Crop Average Yield Average Price 32 ha 16 ha 8 ha


Soybeans 94 bu/ha $9.15 / bu $1,376 $688 $344


Corn 311 bu/ha $3.70 / bu $1,841 $921 $461


Rice 7510 kg / ha $0.28 / kg $3,364 $1,682 $841


Cotton 772 kg / ha $1.53 / kg $1,890 $945 $472
a bu = bushel


Not only would a farmer lose 5% of his production landscape, but
he would also lose 5% of his potential annual gross profits. In an era of
economic uncertainty, this risk is unacceptable to many farmers and landowners.
Therefore, it was necessary to design innovative management practices that
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were environmentally efficient, and also economically palatable to farmers and
landowners. One had to look no further than the agricultural fields themselves and
the surrounding landscape. Investigations began immediately into the potential of
vegetated agricultural drainage ditches for pesticide mitigation.


Vegetated Agricultural Drainage Ditch Studies


Historically, agricultural ditches have primarily served a hydrologic purpose:
facilitate drainage from production acreage following storms. Little thought
or value was placed on their maintenance or design. Closer examination of
these ecosystems showed they can, to some degree, mimic wetland areas with
their hydric soils, hydrophytes, and a measurable hydroperiod. Conventional
wisdom then deduced these areas could be managed and manipulated similarly
to constructed wetlands. The use of agricultural drainage ditches was attractive
because they were often prevalent features in the farming landscape that required
no additional acreage removal from production to realize their mitigation
potential. Research was needed to confirm drainage ditch ability of pesticide
mitigation.


In 1998, a small-scale study was initiated to evaluate the transport and fate
of the pesticides atrazine and lambda-cyhalothrin in an agricultural drainage
ditch. A 50 m portion of a ditch within the Beasley Lake watershed (Mississippi)
was chosen for the experiment. Using a diffuser, the pesticides were amended
directly into the ditch, and water, sediment, and plant samples were collected
spatially and temporally for 28 d. Within one hour of initiation of the simulated
storm event, 61% and 87% of the measured atrazine and lambda-cyhalothrin
concentrations, respectively, were associated with the ditch vegetation as opposed
to the sediment or aqueous phases. At the 28 d sampling, 86% and 97% of the
measured atrazine and lambda-cyhalothrin, respectively, were associated with
the ditch vegetation (18). Using linear regression analysis of the maximum
observed pesticide concentrations in water, it was determined that both atrazine
and lambda-cyhalothrin could be mitigated to a no observed effects concentration
(NOEC) (≤ 20 µg/L for atrazine; ≤ 0.02 µg/L for lambda-cyhalothrin) within the
50 m reach of the ditch (18).


Following the success of this initial study, further examinations into the
potential of vegetated agricultural drainage ditches for pesticide mitigation
were conducted. A longer ditch (650 m) within the Thighman Lake watershed
(Mississippi) was chosen for the next set of experiments. A spatial and temporal
sampling scheme, similar to those previously detailed from other studies was used.
Two pyrethroid insecticides, lambda-cyhalothrin and bifenthin were released in
a slurry mixture to simulate a storm runoff event. Three hours following the
initiation of the event, 95% and 99% of the measured lambda-cyhalothrin and
bifenthin concentrations, respectively, were associated with ditch vegetation.
Aqueous concentrations of lambda-cyhalothrin and bifenthrin at the inlet site (site
0) at 3 h were 374 and 666 µg/L, respectively. During the same time frame, but 200
m downstream, aqueous concentrations were 5.23 and 7.24 µg/L, respectively, for
lambda-cyhalothrin and bifenthrin. Samples collected at the 400-m collection site
indicated no chemical residues. Using regression analyses, it was determined that
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both lambda-cyhalothrin and bifenthin aqueous concentrations could be reduced
to 0.1% of their original concentration within 280 m of the vegetated drainage
ditch. Mass balance calculations confirmed the significance of pesticide sorption
to plant material as the major sink for the system (19).


A second study was initiated a year later in the same 650-m ditch in the
Thighman Lake watershed. During this experiment, the pyrethroid insecticide
esfenvalerate was mixed with suspended sediment (400 mg/L) to simulate a storm
runoff event. Spatial and temporal water, sediment, and plant collections were
similar to those described by Bennett et al. (19). Three hours following the
initiation of the event, 99% of the measured pesticide was associated with the
ditch vegetation. Excluding the injection site (which had no vegetation), measured
esfenvalerate concentrations were associated more in plants than in sediment by a
ratio of 6:1. Regression analyses determined that a ditch length of 509 m would be
necessary to reduce the maximum aqueous pesticide concentration at the injection
site to 0.1% of its original concentration (20).


Although three successful pesticide mitigation studies had been conducted
in the Mississippi Delta with vegetated drainage ditches, the concept was still
untested in sites outside the midsouthern US. Scientists in California were
interested in the potential demonstrated by the management practice, especially
given the state’s pesticide concerns caused by organophosphate and pyrethroid
insecticide runoff. Two ditches (100 m in length) were constructed along the
edge of a tomato field in Yolo County, California. Both ditches had V-shaped
cross-sections, which is commong to the growing region. One of the V-ditches
was vegetated with annual ryegrass (Lolium multiflorum) and barley (Hordeum
vulgare). Lamb’s quarter (Chenopodium album), an invasive weed, was prevalent
within the vegetated ditch. The second ditch was maintained with no vegetation
(bare). A simulated irrigation runoff event containing a mixture of diazinon,
permethrin, and crushed, sieved soil (45 kg) was amended equally into both of
the ditches. To compare transport and fate of the pesticides, spatial and temporal
sampling of water, sediment, and plants occurred as with previous experiments.
Differences in half-distances (distance required to reduce initial concentration
by 50%) were noted among the two V-ditches, indicating the importance of
vegetation in pesticide mitigation. For the cis- and trans- isomers of permethrin,
half- distances in the V-vegetated ditches ranged from 21-22 m. However, in the
non-vegetated V-ditch, half distances for the same pesticide more than doubled
to 50-55 m. The greatest difference was noted in diazinon half-distances. The
half-distance for diazinon in V-vegetated ditches was 56 m, while nearly tripling
to 158 m in the non-vegetated V-ditch (21). Due to the success and collaborative
nature of this research, the California state office of the USDA Natural Resources
Conservation Service (NRCS) agreed to designate vegetated agricultural drainage
ditches (VADDs) as an eligible cost-share management practice within the
Environmental Quality Incentives Program (EQIP). Within this program, farmers
and landowners can apply for up to 75% cost-sharing for installing practices
improving natural resource conditions. As a result of this research, this practice
is listed in the state’s electronic field office technical guide (eFOTG) as 607A –
Surface Drainage, Field Ditch – Vegetated Agricultural Drainage Ditch. While


34


D
ow


nl
oa


de
d 


by
 C


A
L


IF
O


R
N


IA
 E


PA
 L


IB
R


A
R


Y
 A


R
B


 A
N


D
 C


A
L


 E
PA


 L
IB


 D
T


SC
 o


n 
Ja


nu
ar


y 
3,


 2
01


2 
| h


ttp
://


pu
bs


.a
cs


.o
rg


 
 P


ub
lic


at
io


n 
D


at
e 


(W
eb


):
 D


ec
em


be
r 


21
, 2


01
1 


| d
oi


: 1
0.


10
21


/b
k-


20
11


-1
07


5.
ch


00
2


In Pesticide Mitigation Strategies for Surface Water Quality; Goh, K., et al.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 2011. 







not listed officially in Mississippi’s eFOTG, NRCS engineers continue to promote
practice 607A to improve runoff water quality (22).


Rice Fields – A Dual Benefit?


Continuing to think outside the box and, after the success of both constructed
wetland and vegetated drainage ditch research, the question was posed, “Is there a
practice that combines beneficial aspects of both wetlands and ditches?” Research
plans were then focused on the pesticide mitigation potential of diverting storm
runoff through rice (Oryza sativa) fields. This situation provides the potential
benefits of phytoremediation without loss of valuable production acreage. One
obvious question, however, is whether or not any pesticides sorbed by the rice
would be translocated to the harvested (and consumed) seed. This separate
question is currently being examined using separate smaller-scale studies.


To initially address the possibility of rice fields for pesticide mitigation, three
ponds were chosen at the University of Mississippi Field Station. Two ponds
were planted with equal densities of rice, while one pond remained non-vegetated
to serve as a control. A simulated storm runoff event containing diazinon was
amended equally to each of the three ponds. The event simulated runoff of 0.05%
of the recommended pesticide application rate from a 32 ha field. Water, sediment,
and rice (where applicable) samples were collected spatially and temporally for
the duration of the experiment (72 h). The experiment was conducted twice, once
during the typical rice growing season (pre-harvest), and once after rice had begun
to senesce (post-harvest). Significant (p <0.05) decreases in aqueous diazinon
concentrations were noted between the inflow and outflow of both ponds planted
with rice, during the pre-harvest and post-harvest experiments. Actual pesticide
sorption to rice was minimal (1-3% of mass distribution); however, temporal
sampling indicated that diazinon reached the sediment of outflow samples twice
as fast in the non-vegetated pond when compared to either rice pond. Decreases in
sediment diazinon concentrations of 77-100% from inflow to outflow were noted
in the rice ponds, while diazinon sediment concentrations decreased less than
2% from inflow to outflow in the non-vegetated pond (23). Diazinon adsorption
to rice tissue was further tested with rice senescence. Senescence to rice tissues
showed significant decreases in tissue mass (r2=0.985); however, there were
no corollary increases in diazinon concentrations in the water column. Control
vegetation placed within the treatment rice field showed negligible diazinon
concentrations throughout senescence suggesting a lack of mobility and transfer
of diazinon from senescing tissues (24).


Conclusion


Potential contamination of aquatic receiving systems from agricultural
pesticide runoff is a challenging issue, requiring a preventative approach for
a successful outcome. Additionally, multiple management practices should be
considered together, rather than seeking one silver bullet solution. Solutions
begin on the field, with more efficient pesticide application technology to reduce
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spray drift and attempts to confine applications to the most opportune weather
conditions. Even with the most cautious application management approach,
sudden weather events causing storm runoff are out of the control of the farmer.
The challenges then shift toward management practices that intercept runoff,
reducing the potential for pesticides to contaminate aquatic systems. This chapter
has discussed some traditional (constructed wetlands) and innovative (vegetated
ditches and rice fields) methods by which to mitigate pesticides in storm runoff.
Although these basic practices have demonstrated great potential, little is known
about the specific mechanisms of why these systems work. How does the
hydrology affect the success of these management practices? How do variations
in vegetation affect the pesticide reduction? How responsive can ditch mitigation
become under more conservative water use practices and under changing climatic
conditions? What is the role of the microbial community in these systems? These
are just some of the questions future research needs to address. With a difficult
economic future, solving the problems of pesticide pollution in agricultural runoff
will require scientists and farmers to closely interact and think “outside the box”
for possible solutions
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Widespread contamination of California water bodies by 
the organophosphate insecticides diazinon and chlorpyrifos 
is well documented. While their usage has decreased over the 
last few years, a concomitant increase in pyrethroid usage (e.g., 
permethrin) (replacement insecticides) has occurred. Vegetated 
agricultural drainage ditches (VADD) have been proposed 
as a potential economical and environmentally effi  cient 
management practice to mitigate the eff ects of pesticides in 
irrigation and storm runoff . Th ree ditches were constructed in 
Yolo County, California for a fi eld trial. A U-shaped vegetated 
ditch, a V-shaped vegetated ditch, and a V-shaped unvegetated 
ditch were each amended for 8 h with a mixture of diazinon, 
permethrin, and suspended sediment simulating an irrigation 
runoff  event. Water, sediment, and plant samples were 
collected spatially and temporally and analyzed for diazinon 
and permethrin concentrations. Pesticide half-lives were similar 
between ditches and pesticides, ranging from 2.4 to 6.4 h. 
Diff erences in half-distances (distance required to reduce 
initial pesticide concentration by 50%) among pesticides and 
ditches were present, indicating importance of vegetation in 
mitigation. Cis-permethrin half-distances in V ditches ranged 
from 22 m (V-vegetated) to 50 m (V-unvegetated). Half-
distances for trans-permethrin were similar, ranging from 21 
m (V-vegetated) to 55 m (V-unvegetated). Diazinon half-
distances demonstrated the greatest diff erences (55 m for 
V-vegetated and 158 m for V-unvegetated). Such economical 
and environmentally successful management practices will 
off er farmers, ranchers, and landowners a viable alternative 
to more conventional (and sometimes expensive) practices.


Mitigation Assessment of Vegetated Drainage Ditches for Collecting Irrigation Runoff  


in California
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D.L. Denton USEPA
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Diazinon [O,O-diethyl 0-2-isopropyl-6-methyl (pyrimidine-


4-yl) phosphorothioate] and chlorpyrifos (O,O-diethyl 


O-3,5,6-trichloro-2-pyridyl phosphorothioate) are two commonly 


identifi ed organophosphate (OP) insecticides found in California 


water samples. From 1990 to 2001, more than 267,000 kg of 


diazinon (active ingredient) were applied to 37 diff erent California 


crops (Epstein et al., 2000). According to Epstein et al. (2000), 


between 1992 and 1998 there was decreased OP usage in the 


Sacramento and San Joaquin Valleys, but a concomitant increase 


in pyrethroid use. Th e USDA National Agricultural Statistics 


Service (USDA NASS, 2003) reported over 52,000 kg of the 


pyrethroid permethrin [3-phenoxybenzyl (1RS)-cis, trans-3-(2,2-


dichlorovinyl)-2,2-dimethylcyclopropanecarboxylate] were applied 


to 23 of California’s crops from 1990 to 2001. According to de 


Vlaming et al. (2000), over the last decade, pulses of diazinon 


toxicity (as measured by Ceriodaphnia dubia survival) have 


occurred in California’s Central Valley from dormant orchard 


drainage. Domagalski (1996) discussed storm concentrations of 


OPs in the Sacramento River Basin. As the storm hydrograph 


increased, a concomitant increase in OP concentration occurred.


Lee and Jones-Lee (2002) emphasized the urgent need for quan-


titative information on best management practice (BMP) effi  ciency 


for agricultural runoff  and discharge situations, particularly within 


California’s Central Valley. Along these same lines, USEPA (2002) 


published a “Twenty Needs Report” on how research can enhance 


the total maximum daily load (TMDL) process. Current research 


described here addresses two of those needs: “Improve watershed 


and water quality monitoring” and “Improve information on BMPs, 


restorations or other management practice eff ectiveness, and the 


Abbreviations: OP, organophosphate; BMP, best management practice; TMDL, total 


maximum daily load.
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related processes of system recovery.” Th e Central Valley Regional 


Water Quality Control Board (2002) OP TMDL implementa-


tion report suggests that focus be placed on agricultural manage-


ment practices likely to be eff ective in reducing off site movement 


of pesticides. Currently, there is also a substantially increased em-


phasis on TMDLs and improvement of water quality, especially 


for nonpoint-source pollution. Several BMPs currently used and 


encouraged by the U.S. Department of Agriculture’s Natural 


Resource Conservation Service (USDA NRCS) include, but are 


not limited to, buff er and fi lter strips, riparian buff ers, reduced 


and conservation tillage, grassed waterways, and constructed wet-


lands. Except for tillage, all of these BMPs require farmers to re-


move acreage from production landscape to meet physical BMP 


requirements. Unfortunately, some farmers are unable to sacrifi ce 


acreage, especially in small production plots. In these situations, 


it is important to fi nd an economical, yet environmentally sound 


alternative to traditional BMPs such as vegetated agricultural 


drainage ditches (Moore et al., 2001). Drainage ditches are 


forgotten links between agricultural fi elds and aquatic receiving 


systems. Drent and Kersting (1992) reported the use of experi-


mental ditches in the Netherlands for a variety of ecotoxicological 


evaluations. Th ese unique ditch ecosystems provide a myriad of 


potential services other than water conveyance, including sedi-


ment trapping and nutrient and pesticide mitigation.


Th e current study involved a comprehensive research eff ort to 


determine effi  ciency of vegetated drainage ditches for mitigation 


of pesticide-associated runoff  from tomato fi elds. Results from ear-


lier simulated runoff  studies (1998 to 2000) indicated substantial 


sorption of atrazine (2-chloro-4-ethylamine-6-isoprypylamino-S-


triazine), lambda-cyhalothrin [(RS)-alpha-cyano-3-phenoxybenzyl 


3-(2-chloro-3,3,3-trifl uoropropenyl)-2,2-dimethylcyclopropane-


carboxylate], bifenthrin [(2-methyl-1,1-biphenyl-3-y1)-methyl-3-


(2-chloro-3,3,3-trifl uoro-1-propenyl)-2,2-dimethylcyclopropane-


carboxylate)], and esfenvalerate [(S)-alpha-cyano-3-phenoxybenzyl 


(S)-2-(-4-chlorophenyl)-3-methylbutyrate] by ditch vegetation 


from agricultural fi elds in Mississippi. Th ree hours following ini-


tiation of simulated storm events, 38% of atrazine and 97% of 


lambda-cyhalothrin were associated with plant material. Of the 


measured bifenthrin and esfenvalerate, 52 and 66%, respectively, 


were associated with vegetation (Moore et al., 2001; Cooper et al., 


2002a; Cooper et al., 2002b; Bennett et al., 2005).


Th ree main objectives involved in the current study were 


to (i) evaluate mitigation effi  ciency of two types of ditch 


design—U (typical in Mississippi Delta) versus V (typical 


in California)—with the organophosphate diazinon and the 


pyrethroid permethrin; (ii) evaluate benefi t of vegetation in 


typical California V ditch by comparing its pesticide mitigation 


effi  ciency to an unvegetated V-ditch as a control; and (iii) de-


termine pesticide mass distribution within the water, sediment, 


and (if applicable) plants located in the U-vegetated, V-vegetat-


ed, and V-unvegetated ditches to estimate pesticide half-lives, 


half-distances, and providing data for future modeling eff orts.


Materials and Methods
Ditch Design


Th ree ditches, each 116 m in length, were constructed on a 


farm in Yolo County, California (Fig. 1). Farm soils were a mix 


between Yolo silt loam and Reiff  very fi ne sandy loam. Ditch 


soil analysis indicated a pH of 7.6; CEC = 9.95 cmolc/kg, and 


0.025 g/kg organic matter. Th e fi eld had a 0.2% north to south 


slope in addition to a 0.15% slope from west to east.


Two diff erent ditch designs (“U” and “V”) were employed in 


this research. Although the “V” ditch design is most common 


throughout the county, researchers also wanted to compare the 


broader “U” shape design for pesticide mitigation effi  ciency. All 


ditches were wetted less than 24 h before experiment initiation; 


however, no standing water was present when pesticide amend-


ment began. One U-shaped ditch was constructed with a 3 m 


top width, 3 m width at maximum water holding capacity, and 


a water depth of 0.37 m. Two V-shaped ditches were identically 


constructed with top widths of 1.8 m, 0.6 m water height at 


maximum holding capacity, and water depths of 0.24 m. While 


one V-ditch remained unvegetated as a control ditch, the other 


V-ditch and single U-ditch were planted with Hordeum vulgare 
(barley) and Lolium multifl orum (annual ryegrass). Lamb’s quar-


ter (Chenopodium album) was an invasive prevalent weed within 


the vegetated ditches. Identical sampling sites were established 


within all three ditches at the simulated runoff  inlet (0 m) (site 


1), 42 m (site 2), 51 m (site 3), 88 m (site 4), and 108 m (site 


5). One day before the simulated irrigation runoff  event, ditch 


vegetative cover and dominant plant species were determined 


by sampling multiple 0.23 m2 quadrats at each sampling site 


(Table 1). Any runoff  leaving the ditches was routed into a 


Fig. 1. Schematic of irrigation distribution system and sampling sites.
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vegetated sump pond to prevent direct release into the aquatic 


receiving system. Th e small volume of water entering the sump 


fi ltered through the soil column within 16 h of entry.


Simulated Irrigation Runoff  Event
An irrigation runoff  event was simulated in each of the 


three drainage ditches in July 2005. A mixture of 112 g of 


diazinon (Diazinon AG500), 12.2 g of permethrin (Pounce 


3.2 EC), and 45 kg of dry soil (previously collected from 


ditch bottoms) was added to a 3800 L steel water tank fi lled 


with ground water and kept in suspension using a small sub-


mersible pump. Physical and chemical properties of these two 


pesticides are presented in Table 2. Pesticide concentrations 


in simulated runoff  (0.19 mg/L diazinon and 0.02 mg/L per-


methrin) were based on recommended application rates for 


a 32 ha contributing area of tomatoes (4.9 L/ha for diazinon 


and 0.37 L/ha for permethrin) and an assumed 0.05% diazi-


non and 0.09% permethrin runoff  with a targeted discharge 


of 7 L/s into experimental ditches (Spencer and Cliath, 1991). 


Simulated runoff  was pumped from the tank into ditches via 


1.9 cm tubing using an Atwood V450 submersible pump 


(maximum fl ow rate of 1703 L/h) for 8 h. Irrigation pipe (30 


cm diameter) carried dilution water from a nearby pump to 


constructed ditches. Th e irrigation pipe was reduced to 5 cm 


and split three ways (one entry for each ditch). A calibrated 


pesticide delivery system was placed in the water split to 


incorporate the pesticide-sediment mixture. Th e theoretical 


total fl ow (including dilution water) from 0–8 h was 201,600 


L for each ditch; however, the water was “ramped up” for the 


fi rst 15 min to reach the desired outfl ow, and it was “ramped 


down” the last 15 min before the dose ended. Th erefore, only 


about 198,000 L of water actually were added to the system. 


At 8 h after dose, the water was turned off  and there was no 


further fl ow addition to the ditches.


Collection of Water, Sediment, and Plant Samples
Water quality data was collected at infl ow (site 1) and near the 


outfl ow (site 5) of each of the three constructed ditches at times 


0, 0.5, 1, 4, 8, and 16 h. Velocity (m/s), temperature (°C), pH, 


dissolved oxygen (mg/L), and electrical conductivity (dS/m) were 


measured using calibrated hand-held fi eld meters (Table 3). Grab 


samples of water were collected in pre-cleaned, certifi ed 1 L am-


ber Boston round, narrow mouth glass bottles with Tefl on-lined 


closures at 0, 0.5, 1, 4, 8, 16, 24, and 48 h, and 5 d post-applica-


tion from each site. Background sediment samples were collected 


from each of the three ditches and analyzed for a suite of 17 


pesticides including atrazine, methyl parathion (O,O-dimethyl 


O-4-nitrophenyl phosphorothioate), chlorpyrifos, pp’-DDE (pp’-


dichlorodiphenyldichloroethylene), 


pp’-DDD (pp’-dichlorodiphenyl-


dichloroethane), pp’-DDT (pp’-


dichlorodiphenyltrichloroethane), 


bifenthrin, and lambda-cyhalot-


hrin. Sediment samples were col-


lected in 120 mL wide mouth glass 


bottles with Tefl on-lined closures at 


times identical to water collection 


(including 24, 48, and 120 h sam-


ples). Plant samples were also col-


lected along the same time sched-


ule as sediments. Sediment samples 


were obtained from the top 1 cm 


using solvent-rinsed stainless steel 


spatulas, while plant materials were 


collected with solvent-rinsed scis-


sors. Only plant material exposed 


in the water column (between sed-


iment-water surface) was collected 


for analysis. Plant samples were 


wrapped in aluminum foil and 


placed in pre-labeled 3 L freezer 


bags. All samples were preserved 


on wet ice from collection through 


transport to the Aquatic Toxicol-


Table 1. Plant density survey for experimental ditches, Yolo 
County, California.


Distance V ditch U ditch


0–42 m 80% coverage 65% coverage


457 Hordeum/m2 261 Hordeum/m2


43–51 m 100% coverage 100% coverage


22 Chenopodium/m2 22 Chenopodium/m2


52–89 m 100% coverage 100% coverage


22 Chenopodium/m2 22 Chenopodium/m2


717 Lolium/m2 717 Lolium/m2


90–110 m 90% coverage 45% coverage


22 Lolium/m2 22 Lolium/m2


Table 2. Physical and chemical properties of diazinon and permethrin.


Diazinon Permethrin


Structure


Molecular weight (g/mol)† 304.35 391.30


Vapor pressure (mm Hg)† 7.28 × 10−7 3.38 × 10−7


Water solubility (mg/L)† 40 0.2


Henry’s Law Constant (P m3/mol)‡ 0.072 0.189


log K
ow


‡ 3.30 6.1


log K
oc


‡ 1007–1842 10,471–86,000


Hydrolysis half-life (days)§ 138 37.7


Photolysis half-life (days)¶# 88 110


Soil half-life (days)‡


Sandy loam aerobic 39 30


Sandy loam anaerobic 17 108


† EXTOXNET, 1996.


‡ USDA ARS, 1995.


§ Kegley et al., 2007.


¶ Frank et al., 1991.


# Laskowski, 2002.







Moore et al.: Assessment of Drainage Ditches for Collecting Irrigation Runoff  489


ogy Laboratory (ATL) at the University of California, Davis. 


Before transport of water samples to the California Department 


of Fish and Game Water Pollution Control Laboratory (DFG-


WPCL), samples were kept in the dark at 4°C. Sediment samples 


(also transported to DFG-WPCL) were frozen and kept in the 


dark until transport. Plant material was frozen immediately on 


receipt at the ATL and shipped overnight to the USDA Agricul-


tural Research Service National Sedimentation Laboratory (NSL) 


for sample preparation. Upon arrival at the NSL, plant samples 


were dried and ground using a Th omas-Wiley Model 4 labora-


tory mill. After preparation, samples were placed in glass vials 


and shipped to DFG for pesticide analyses.


Pesticide Extraction– Water
Unfi ltered water samples were extracted according to USEPA 


Method 3510C– Separatory Funnel Liquid-Liquid Extraction. 


One-liter water samples were fortifi ed with triphenyl phosphate 


and dibromooctafl uorobiphenyl to monitor extraction profi -


ciency and extracted twice with dichloromethane (DCM) using 


a mechanical rotating extractor. Extracts were dried using sodium 


sulfate, concentrated, and solvent exchanged with petroleum 


ether (PE) using Kuderna-Danish (K-D) evaporative glassware 


equipped with a 3-ball Snyder column followed with a micro-


Snyder apparatus and adjusted to a fi nal volume of 2 mL in 


iso-octane. Concentrations of cis and trans isomers of permethrin 


were reported separately, since cis-permethrin is generally consid-


ered more toxic than trans-permethrin.


Pesticide Extraction and Cleanup– Sediment 


and Vegetation
Sediment and vegetation sample extraction followed USEPA 


Method 3545A– Pressurized Fluid Extraction. Homogenized 


sediment (10 g) and dried vegetation (2.5 g) samples were 


mixed with pre-extracted Hydromatrix (7 g, Varian Corp.) and 


fortifi ed with triphenyl phosphate, dibromooctafl uorobiphenyl, 


and dibutylchlorendate. Samples were extracted twice with 


acetone/DCM (50/50, v/v) using a Dionex Accelerated Solvent 


Extractor (ASA 200, 100°C, 1500 psi). Extracts were dried us-


ing sodium sulfate, concentrated, and solvent exchanged with 


PE using K-D evaporative glassware equipped with a 3-ball 


Snyder column followed with a micro-Snyder apparatus and 


adjusted to fi nal volume of 2 mL in iso-octane. Clean up of 


sulfur, chlorophyll, and other matrix interferences followed 


USEPA Method 3600C– Cleanup guidelines, as needed.


Instrument Analysis
Water, sediment, and vegetation sample fi nal extracts were ana-


lyzed for diazinon using USEPA 8141B (Organophosphate Com-


pounds by Gas Chromatography) guidelines, while USEPA 8081B 


(Organochlorine Pesticides by Gas Chromatography) guidelines 


were used for permethrin analysis. Diazinon was analyzed by dual 


column high resolution gas chromatography with fl ame photomet-


ric detectors in phosphorus mode. Permethrin was analyzed using 


dual column high resolution gas chromatography equipped with 


electron capture detectors. Aqueous reporting limits for cis-per-


methrin, trans-permethrin, and diazinon were 0.005, 0.005, and 


0.020 μg/L, respectively. Sediment reporting limits (dry weight) for 


cis-permethrin, trans-permethrin, and diazinon were 4.00, 4.00, 


and 10.0 μg/kg, respectively. Vegetation reporting limits (fresh 


weight) were 5.00, 5.00, and 10.0 μg/kg for cis-permethrin, trans-
permethrin, and diazinon, respectively.


Data Analysis
Ordinary least-squares linear regression analyses (Sokal and 


Rohlf, 1981) were used to fi t curves to log-transformed diazinon 


and permethrin water concentrations (y) versus the log of the 


distance down ditch from the inlet (x). Mass balances were per-


formed using data on water, plant, and sediments collected along 


transects of the ditch length for each sample time point (0.5, 1, 


4, 8, 16, 24, 48, and 120 h). Th is enabled quantitative evaluation 


of chemical partitioning that occurred over the study duration. 


Table 3. Infl ow and outfl ow water quality of three constructed drainage 
ditches, 2005. A dash (–) indicates no water available for sampling.


Site Time Velocity Temperature pH Dissolved O
2


m/s °C mg/L


U-1† 0.0 h 5.19 18.8 7.2 9.2


0.5 h 2.59 19.3 7.2 8.1


1.0 h 3.17 21.3 7.2 6.0


4.0 h 3.40 23.4 7.1 7.1


8.0 h 0.00 25.0 7.1 6.8


16 h – – – –


U-5 0.0 h – – – –


0.5 h 1.07 19.3 7.5 4.7


1.0 h 0.00 20.0 7.7 6.7


4.0 h 1.16 26.2 7.8 6.6


8.0 h 0.00 25.4 7.6 5.4


16 h 0.00 21.3 7.4 4.7


V
1
–1 0.0 h 3.31 19.0 7.3 8.7


0.5 h 3.00 18.4 7.1 7.5


1.0 h 5.36 20.1 7.3 7.1


4.0 h 4.11 23.2 7.1 6.2


8.0 h 0.00 22.6 7.3 9.2


16 h – – – –


V
1
–5 0.0 h – – – –


0.5 h – – – –


1.0 h 1.61 20.1 7.6 6.4


4.0 h 0.63 21.9 7.4 6.4


8.0 h 0.00 21.3 7.5 6.4


16 h 0.00 19.5 7.2 4.9


V
2
–1 0.0 h 2.59 19.1 7.2 8.5


0.5 h 2.68 18.4 7.2 7.2


1.0 h 3.58 19.3 7.1 8.4


4.0 h 3.58 25.5 7.1 8.0


8.0 h 0.00 22.8 7.4 9.5


16 h – – – *


V
2
–5 0.0 h – – – –


0.5 h 1.56 19.3 7.6 7.0


1.0 h 0.00 20.9 7.6 6.5


4.0 h 0.40 22.6 7.4 6.5


8.0 h 0.00 22.2 7.2 6.9


16 h – – – –


† U-1 (U-ditch infl ow), U-5 (U-ditch outfl ow), V
1
–1 (Vegetated V-ditch 


infl ow), V
1
–5 (Vegetated V-ditch outfl ow), V


2
–1 (Unvegetated V-ditch 


infl ow), V
2
–5 (Unvegetated V-ditch outfl ow).
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Th e mass balance at a given time point was determined as:


M
(total)


 = M
w (0–108m)


 + M
p (0–108m)


 + M
s (0–108m) 


 [1]


where M
w(0–108)


, M
p(0–108)


, and M
s(0–108)


 refl ect the total chemical 


mass (g) in water, plants and sediments over the 108 m ditch 


length. Other abiotic and biotic factors such as leaching, 


volatilization, and microbial activity were not measured; 


therefore, they are not represented in the mass balance equation.


Ditch chemical depuration rate constants (k
2
) were deter-


mined for water in each of the three ditches. Th is was accom-


plished by plotting the ln (maximum observed concentration; 


microgram per liter) as a function of time and, through linear 


regression analysis, determining the slope. Pesticide half-lives (t
1/2


) 


in water were estimated using the equation ln (2)/k
2
. Using the 


same premise, ditch half-distances were determined by plotting 


the ln (total concentration) as a function of ditch sample dis-


tance, determining the slope, and using the ln(2)/k
2
 equation.


Results
Background Sediment Samples


In the V-vegetated ditch sediment, only DDT and its 


metabolites were detected among the 17 pesticides analyzed. 


DDT was measured at 7.12 μg/kg, while metabolites DDD 


and DDE were each below 1 μg/kg. Sand, silt, and clay frac-


tions for this ditch sediment were 69, 30, and 1%, respective-


ly. Sediment in the V-unvegetated ditch had concentrations 


of 26.3, 0.42, and 5.04 μg/kg for atrazine, DDE, and DDT, 


respectively. It possessed 54% sand, 44% silt, and 2% clay. U-


vegetated sediment samples had only DDE (0.19 μg/kg) and 


DDT (5.04 μg/kg) present out of the 17 analyzed pesticides. 


Th is sediment was 78% sand, 21% silt, and 1% clay. Organic 


matter content in all three ditches was ≤0.025 g/kg.


Cis-permethrin
Initial measured aqueous concentrations of cis-permethrin 


in each of the three ditches diff ered substantially. Although all 


ditch delivery systems were calibrated and re-checked before 


the simulated irrigation event, variability of infl ow concentra-


tions of all pesticides (cis-permethrin, trans-permethrin, and 


diazinon) still occurred. Samples collected from the infl ow 


pipe at time 0 (test initiation), indicated cis-permethrin 


concentrations of 27.0, 225, and 117 μg/L for the U-ditch, 


V-vegetated, and V-unvegetated ditches, respectively. Infl ow 


samples collected from 0 to 8 h had mean (± SE) cis-per-


methrin concentrations of 11.2 ± 4.82, 49.6 ± 43.9, and 28.7 


± 22.3 μg/L for the U-ditch, V-vegetated, and V-unvegetated 


ditches, respectively. At V-vegetated ditch site 5 (108 m 


down-ditch), fi nal cis-permethrin concentration decreased 


80% from the 1 h sampling to the 8 h sampling (Table 4).


Even though initial infl ow water concentrations of pesticides 


diff ered between ditches, mass balance calculations allowed for a 


correction factor, making ditches comparable to one another. Based 


on both the theoretical application and recovered mass from sam-


pling, 65, 56, and 47% of overall permethrin mass was accounted 


for in the U-ditch, V-vegetated, and V-unvegetated ditches:. Mass 


balances of cis-permethrin in water shifted from the 1 h sample as 


compared to the 8 h sample. In the U-ditch, 26 ± 11% of mea-


sured cis-permethrin mass was located in the water at 1 h; however, 


only 4 ± 1% of the mass was in the water column at the 8 h sam-


ple. Similar trends were evident for the same time periods in the 


V-vegetated (31 ± 8% and 9 ± 3%) and V-unvegetated (32 ± 7% 


and 17 ± 3%) ditches. Examination of each ditch indicated 14 ± 6, 


16 ± 8, and 20 ± 6% of measured cis-permethrin mass during the 


actual exposure period (8 h) was located in water of the U-ditch, V-


vegetated, and V-unvegetated ditches, respectively (Table 5). When 


assessing all water samples collected over the experiment duration, 


19 ± 10, 29 ± 14, and 27 ± 8% of measured cis-permethrin mass 


Table 4. Selected aqueous pesticide concentrations (μg/L) in infl ow and outfl ow (site 5) of three experimental drainages ditches following a 
simulated irrigation event in Yolo County, CA. A dash (–) indicates no water available for sampling.


U-vegetated V-vegetated V-unvegetated


CP† TP D CP TP D CP TP D


Infl ow (0 h) 27.0 31.6 580 225 275 1.32E03 117 110 1.10E03


Infl ow (1 h) 2.31 2.20 78.0 2.12 2.20 98.0 1.98 2.20 84.8


Site 5 (1 h) 18.2 17.9 520 9.63 10.1 384 13.5 14.3 500


Infl ow (4 h) 1.22 1.21 37.8 1.35 1.45 48.2 1.80 1.87 63.0


Site 5 (4 h) 6.80 7.48 453 1.37 1.43 50.4 1.35 2.75 60.0


Infl ow (8 h) 16.7 19.0 300 5.27 6.20 220 5.24 5.65 297


Site 5 (8 h) 1.08 1.10 87.0 1.89 1.86 70.0 1.17 1.21 42.0


Infl ow (16 h) – – – – – – – – –


Site 5 (16 h) 0.981 1.05 112 – – – – – –


† CP = cis-permethrin, TP = trans-permethrin, D = diazinon.


Table 5. Distribution of mean measured mass (% ± SE) in water, 
sediment, and plant for cis-permethrin, trans-permethrin, and 
diazinon from experimental ditches in Yolo County, California 
over the 8 h experimental dose.


U-vegetated V-vegetated V-unvegetated


Cis-permethrin


Water 14 ± 6 16 ± 8 20 ± 6


Sediment 64 ± 5 52 ± 2 80 ± 6


Plant 23 ± 7 33 ± 5 –


Trans-permethrin


Water 16 ± 7 18 ± 10 23 ± 6


Sediment 64 ± 6 49 ± 3 77 ± 6


Plant 20 ± 6 33 ± 7 –


Diazinon


Water 38 ± 9 38 ± 9 50 ± 5


Sediment 54 ± 8 57 ± 9 50 ± 5


Plant 8 ± 0.3 5 ± 0.3 –
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was located in the water column of the U-ditch, V-vegetated ditch, 


and the V-unvegetated ditch, respectively. Summing water, sedi-


ment, and plant cis-permethrin masses at each individual sampling 


time during the entire experiment yielded mass ranges from 225 to 


1901 mg for the U ditch, 192 to 843 mg for the V-vegetated ditch, 


and 206 to 2149 mg for the V-unvegetated ditch.


Several sites in the drainage ditches were dry before the 16 h 


sampling due to soil conditions. As a result, sediment-pesticide 


masses shifted. When examining the overall experiment, cis-per-


methrin mass percentage in sediment for the U-ditch, V-veg-


etated ditch, and V-unvegetated ditch was 70 ± 3, 58 ± 6, and 


86 ± 6%, respectively. By analyzing data where no water was 


present, the cis-permethrin sediment mass percentages changed 


to 75 ± 3, 72 ± 3, and 100 ± 0% respectively, for the U-ditch, 


V-vegetated, and V-unvegetated ditches. Cis-permethrin half-


lives in ditch water ranged from 2.4 h (V-vegetated) to 4.1 h 


(U-ditch), while pesticide half-distances ranged from 22 m (V-


vegetated) to 347 m (V-unvegetated) (Table 6).


Trans-permethrin
Infl ow concentrations of trans-permethrin at time 0 were 


31.6, 275, and 110 μg/L for the U, V-vegetated, and V-unvege-


tated ditches, respectively. Infl ow samples collected from 0 to 8 h 


had mean (± SE) trans-permethrin concentrations of 12.7 ± 5.70, 


60.0 ± 53.8, and 27.6 ± 20.8 μg/L for the U-ditch, V-vegetated, 


and V-unvegetated ditches, respectively. Between 1 and 8 h sam-


ples, aqueous trans-permethrin concentrations decreased by 94, 


82, and 92% at site 5 for the U, V-vegetated, and V-unvegetated 


ditches, respectively (Table 4). Water was not present after 8 h at 


site 5 in either the V-vegetated or V-unvegetated ditches.


Trans-permethrin mass in ditch water showed similar shifts 


to that of cis-permethrin. In the U-ditch, 30 ± 11% of trans-per-


methrin mass was in the water column at 1 h, but by 8 h, only 5 ± 


1% of the mass was present in water. In the V-unvegetated ditch, 


34 ± 7% of the mass was present at 1 h, but had been reduced to 


19 ± 4% by 8 h. Th e largest shift occurred in the V-vegetated ditch, 


with 37 ± 8% mass in water at 1 h, but only 9 ± 3% mass in water 


at 8 h. Examination of each individual ditch indicated that 33, 44, 


and 39% of the measured trans-permethrin mass during the actual 


exposure period (8 h) was located at site 4 (88 m) in the U-ditch, 


V-vegetated, and V-unvegetated ditches, respectively. During the 8 


h exposure, 16 ± 7%, 18 ± 10%, and 23 ± 6% of trans-permethrin 


mass was measured in water from the U-ditch, V-vegetated ditch, 


and V-unvegetated ditch, respectively (Table 5). Summing water, 


sediment, and plant trans-permethrin masses measured at each 


individual sampling time during the entire experiment yielded 


trans-permethrin ranges from 394 to 1613 mg for the U ditch, 132 


to 738 mg for the V-vegetated ditch, and 209 to 2226 mg for the 


V-unvegetated ditch.


As with cis-permethrin, mass trans-permethrin percentages in 


sediments shifted after 16 h due to an absence of water. Overall 


percent trans-permethrin masses measured in sediments were 


66 ± 5, 58 ± 8, and 85 ± 7% for the U-ditch, V-vegetated, and 


V-unvegetated ditches, respectively. By analyzing only samples 


where water was absent, sediment mass percentages changed to 


73 ± 6, 75 ± 6, and 100 ± 0%, respectively. Half-lives of trans-


permethrin in ditch water ranged from 3.4 (V-vegetated) to 4.1 h 


(U-ditch, while trans-permethrin half-distances ranged from 21 


m (V-vegetated) to 239 m (V-unvegetated) (Table 6).


Diazinon
Diazinon infl ow concentrations at the U, V-vegetated, 


and V-unvegetated ditches at time 0 were 580, 1320, and 


1100 μg/L, respectively. Infl ow samples collected from 0 to 


8 h had mean (± SE) diazinon concentrations of 251 ± 96.5, 


402 ± 234, and 397 ± 189 μg/L for the U-ditch, V-vegetated, 


and V-unvegetated ditches, respectively. Between the 1 and 


8 h U-ditch site 5 (108 m) samples, diazinon concentrations 


had decreased by 83% (Table 4). Concentrations in the V-


vegetated and V-unvegetated had decreased by 82 and 92%, 


respectively, in the same time period (Table 4).


As opposed to cis- and trans-permethrin masses in water, 


aqueous diazinon masses varied little. In U-ditch 1 h samples, 


55 ± 8% of measured diazinon was in water, and by 8 h, 30 ± 


6% was present in water. Aqueous mass percentages slightly 


increased in the V-unvegetated ditch between 1 h and 8 h (50 


± 8 to 58 ± 9%). In the V-vegetated ditch, 49 ± 5% of the di-


azinon mass was measured in the water column at 1 h, while 


44 ± 12% was measured in water at 8 h. Examination of each 


individual ditch indicated that 24, 39, and 37% of the mea-


sured diazinon mass during the actual exposure period (8 h) 


was located at site 4 (88 m) in the U-ditch, V-vegetated, and 


V-unvegetated ditches, respectively. For the 8 h exposure, 38 


± 9, 38 ± 9, and 50 ± 5% of the diazinon mass was measured 


in water of the U-ditch, V-vegetated ditch, and V-unvegetated 


ditch, respectively (Table 5). Summing water, sediment, and 


plant diazinon masses measured at each individual sampling 


time during the entire experiment yielded diazinon masses 


ranging from 4533 to 15,970 mg for the U ditch, 1868 to 


6637 mg for the V-vegetated ditch, and 1230 to 10,919 mg 


for the V-unvegetated ditch.


Based on both the theoretical application and recovered 


mass from sampling, 29, 15, and 14% of overall diazinon 


mass was accounted for in the U-ditch, V-vegetated, and V-


unvegetated ditches. As with both cis- and trans-permethrin, 


mass diazinon percentages in sediments shifted after 16 h 


due to an absence of water. Overall percent diazinon masses 


measured in sediments were 69 ± 8, 74 ± 10, and 73 ± 10% 


for the U-ditch, V-vegetated, and V-unvegetated ditches, 


Table 6. Pesticide water half-lives and half-distances in U, V-vegetated, 
and V-unvegetated experimental ditches in Yolo County, California.


U-vegetated V-vegetated V-unvegetated


Cis-permethrin 
   half-life (h)


4.1 2.4 3.5


Cis-permethrin 
   half-distance (m)


169 22 50


Trans-permethrin 
   half-life (h)


4.1 3.4 3.7


Trans-permethrin 
   half-distance (m)


124 21 55


Diazinon half-life (h) 6.4 4.5 4.5


Diazinon 
   half-distance (m)


1155 56 158
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respectively. When water was not present in ditches during 


sampling, sediment mass percentages changed to 93 ± 1, 97 ± 


1, and 100 ± 0%, respectively. Half-lives of diazinon in ditch 


water ranged from 4.5 h (both V-unvegetated and V-vege-


tated) to 6.4 h (U-ditch). Half-distances of diazinon ranged 


from 55 m (V-vegetated) to 1155 m (U-ditch) (Table 6).


Discussion
Domagalski et al. (1997) reported at least two potential 


modes of pesticide entry into surface water within the San 


Joaquin– Tulare Basin (California) study areas—rainfall and 


irrigation drainage. Pesticide entry into receiving waters fol-


lowing storm or irrigation events depends on several factors, 


such as pesticide chemistry, rainfall intensity, time of ap-


plication, and surrounding soil properties. Th e united goal 


of farmers, pesticide applicators, conservation associations, 


and regulatory agencies is to keep pesticides on agricultural 


production acreage and out of surrounding water bodies. In 


eff orts to reduce the possibility of this occurring, management 


practices have been suggested to mitigate pesticide runoff .


Vegetation plays a signifi cant role in many of the suggested 


BMPs. Stiff  grass hedges, grassed waterways, and riparian fi lter 


strips are just three examples of incorporating vegetation into 


runoff  mitigation strategies. Vegetated drainage ditches are 


becoming increasingly popular among farmers and landowners 


with little available production acreage to set aside for potential 


mitigation purposes. Vegetation has been documented to assist 


in mitigation of permethrin and diazinon. Filter strips contain-


ing trees, shrubs, and grasses at widths of 7.5 and 15 m reduced 


permethrin-associated contaminants 27 to 83% (Schmitt et 


al., 1999). In a 50% vegetated fi lter strip treatment, 37% of 


applied diazinon was retained in the vegetative matter and root 


zone. Where vegetated fi lter strip treatment was 100%, 88% of 


applied diazinon was found in the vegetative matter and root 


zone (Watanabe and Grismer, 2001). Chenopodium album (an 


invasive present in the current study) along with three other 


species retained 81 to 98% of applied diazinon in laboratory 


studies (Syversen and Haarstad, 2005).


When taking the successful and proven vegetated ditch 


concept from the Mississippi Delta to Yolo County, California, 


certain issues needed to be addressed. Foremost was the initial 


ditch design. Typical drainages in the South and Midwest have 


a U-shaped design in addition to being permanent systems. In 


California, on the other hand, fi eld ditches are more temporary 


and are V-shaped, due to a common implement used by farm-


ers. Due to the temporary nature of California ditches, more 


variety of soil properties is present. Hardpan clay bottoms are 


present in many drainage ditches in the Mid-South; however, 


in the current research, sandy conditions were present in the 


fi eld. Th ese soil diff erences might potentially play a role in 


ditch fl ow, seepage, and interactions with shallow ground water 


supplies. Investigations into multiple fl ow directions were not 


examined within the current study.


Pesticides entering surface water bodies have the potential 


to impact aquatic fl ora and fauna. Because of its relatively high 


water solubility, the majority of diazinon transported into aquatic 


systems can be expected to remain in the aqueous phase (Bond-


arenko and Gan, 2004). Diazinon’s aqueous fate is dependent 


on factors such as pH, temperature, and organic carbon content 


of water via chemical hydrolysis and microbial degradation 


(Bondarenko et al., 2004; USEPA, 2005). At pH 7, studies have 


reported diazinon’s stability to be near 6 mo (USEPA, 2005). In 


the current study, aqueous pH measurements ranged from 7.1 to 


7.8 in the three ditches, but diazinon aqueous half-lives were be-


tween 4.5 to 6.4 d (Table 6). While no specifi c microbial studies 


were conducted as part of this experiment, it is assumed micro-


bial activity played a role in diazinon degradation.


Permethrin’s chemical profi le, including relatively low water 


solubility, indicates its preference for binding to sediment or 


other forms of organic carbon. Using limnocorrals, Solomon et 


al. (1985) applied permethrin in a small Ontario (Canada) lake 


to study aqueous dissipation. Permethrin dissipation was rapid 


and generally 90% was transferred or transformed from the 


water column within 10 d. Field studies of permethrin runoff  


from cotton (Gossypium hirsutum) indicated that even in abnor-


mally high rainfall years, less than 1% of applied permethrin 


was detected in runoff  samples (Carroll et al., 1981). Rawn et 


al. (1982) and Solomon et al. (1985) indicated permethrin’s 


rapid sorption to sediment and subsequent slow disappearance. 


Distributions of mean measured masses in the current study 


compliment these earlier fi ndings (Table 5).


Although aqueous pesticide concentrations measured in 


the outfl ow of each ditch still exceeded established diazinon 


water quality criteria (0.17 μg/L) (USEPA, 2005), it is not 


indicative of a lack of ditch effi  ciency. Most dynamic pesticide 


reduction systems require combinations of BMPs. Additional 


measures, such as adding slotted board risers with the ability 


to retain water, thereby increasing water residence time (and 


contact time for vegetation) could be easily amended into ditch 


construction. Also, constructed ditch lengths were limited by 


available fi eld size of the cooperating landowner; therefore, 


complete mitigation of pesticides was not a realistic objective. 


Th is study was specifi cally designed to provide preliminary 


feasibility information for the use of vegetated drainage ditches 


as a BMP and to assist in determining what ditch length would 


be necessary to mitigate typical irrigation runoff . Future model-


ing eff orts using data generated from this study will address the 


necessary ditch length question in greater detail.


Conclusions
Th e use of vegetative ditches is eff ective for the mitigation 


of pesticides, particularly pyrethroids as demonstrated in this 


project and previous studies (Moore et al., 2001; Cooper et 


al., 2002a, 2002b; Bennett et al., 2005). Since pyrethroids 


have shorter environmental half-lives than organochlorines 


and many of the OP insecticides, there is little concern for 


pesticide accumulation in ditch water, sediment, and plants. 


While half-lives were similar among pesticides and diff erent 


ditches, half-distances among the three ditches indicated the 


greatest diff erences. Depending on the pesticide, distances 
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needed to reduce initial pesticide concentrations by 50% 


were 2.3 to 2.8 times less in V-vegetated than V-unvegetated. 


When comparing the V-vegetated to U-vegetated ditches, 


pesticide half-distances ranged from 6 to 21 times less in V-


vegetated than U-vegetated, thus making them most effi  cient 


of the three. Although an eff ective BMP, vegetated ditches 


should be considered one tool of many available options for 


mitigation of pesticides, including constructed wetlands, sedi-


ment retention ponds, grassed buff ers, etc. Site specifi c needs 


routinely call for multiple BMPs in sequence to suffi  ciently 


address the nonpoint source problem. Additional studies 


should be conducted utilizing V-vegetated ditch design to fur-


ther elucidate eff ectiveness of particular California perennial 


plant species. In addition, results from this study are being 


used to develop a model to defi ne optimal ditch length need-


ed for an individual farmer’s fi eld based on soil type, pesticide 


and application rate, cropping pattern, and ditch vegetation.
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